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The Nature of Leaming 
In its Relation to the Living System 


‘THE PROBLEM 


“Tw onde to cover the mechanian of the Ing eater, ft 
in teceamry to lavesigate which among its elt are eam 
ete th wea of my a pp 
hd to dininguish them carey fom he eee wish hae 
to tomate, oe at leat Roem, reatow wil) thor lr, 
And of which ‘the cause i concealed for ma “It thee lant 
‘hat Vanelmoot ad Stab have aot to a See 

‘orto the woul, without ietng that, thee nate aot 
Slumbed, what they kezibated to 2’sngle agent 
ucbape oo roany. in reverting #0 imaginary cate, does it 
Ex ream tat these reat mes bave Wied to ooneal tht 
Jghorance under the veil of philosophy, and that they could 
‘ot make up their min to cate the late of thie positive 
iowtedge? “They are, withowt Gout, sight in saying. and 
swe agres with thas. that cetain phesamena ate found coly 
iD organized odin and tot u particdar cde of moves 
And Of comBioutins forme the tase and constitetn tn 
Gerster of thee Dodie. TL wold Unquestionably be a 
‘Bistabe to amiga to these phenoneoe bypodbalcal eftees 
‘thot inadequacy has bess shown, But however astcising 
Tiny may seem to as, thee fonctions are mwely”puysoal 
boca, more or bes compte. whom eatery we Cage to 
[snvertgae iy ll the esta wich Shareaton sv experi 
plten at our dimpon, stead of supposing for them. Gist 
Drincipan oo whic the mind stumbars mr the Bll thet 3 
Eat abel wien bes sat began” 

"This prumge is Woe the Dixsese om Anaomy of Vieg 
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Arye, a French physician witing fo 18052 It leyn down a 
Diolagial 'rbich has slace been cuneistently carried 





‘S reality there is only 
‘one physics, one chemistry, and ase general mechanics into 


Benard saint tv wabed the ry we set 

bent posta 

Twn, however, we cme tothe expan activin with 

which the psychologist is mainly concerned, namely, those 

inc tcp’ Narration fo Ata 

ston wo tog thn psa eat 

for True in ofsoun,thal coey popseal eet infused 

1 she ttl patho ote pal parle tain part 

2 tae creat the ie bars te grate bate othe 
ee 


dlemantary example, it ie dearly to the “advantage” of & 
feabird 20 learn that food may generally be found at & 
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curtain spot. Organic exergy is saved by this icowleige, 
‘which tins tends towards the conservation of the material 
tion which we call the bind. Hare the striking fact ia 
‘Bot the dependence of tae events of today upon theer of 
yesterday, bot the dectica of that dependence, which i 
Yowards the conservation of the biclogical entity in goamtion. 
‘When the bied dies, the fate ofits conmitzent elements stil 
depends upon their past history. It for example, i i thot 
fy mabl-air and falls into the sea, the epot where it falls will 
Aepend on its postion whes & wes shot. But the Kactic 
‘energy seleased by the fal will no louger workin the direction 
of ths bird's conservation, as when daring its Kfotime st dives 
ex Gah oc ea to's steamer fr food. 
"Ta order to explain these facts, certain special tens have 
been invented. Thos in the pest it hes bees wana] to speak 
of the " instinct " of Sei-Preservatioa. Likewise iti fuiely 
‘oma to speak of the onganiare ex having " learued” where 
{to flod food of drink; c Modifcation of Behaviour is suid 











Te is exactly bere Ghat we are t2 danger of faltisg Into the 
pli of wih icy hae warned hs pean, Larng 
Sof Monory as appled to bebavioar ust et be aucune 
{a be fe prsciplen, phenoziena swt generis, in Vion d'Azye's 
fronds," However tolonaning they Hny ane 0 Wy they are 
Turely physica elects mare o Has complented, whone sate 
tre ought to investigate by all the wane which obervaten 
Gna"expericent place at oar diuposa.” "At the fk of 
Tepetition i most be tasted that Rio nt enoagh here 
{svoke the principle that the matter composing (be orpenina 
‘subject to the aime pysico-cherial laws ux that 
sonlivng bodies. Sappose ? my, fox inane, that the gu 
fies ereght tothe Sak whar! for food, bese daring the 
Bird's pase history certain pbyaiochenical changes ave 
fakes place in its nervoos ystem. Sach » satsowat bas a 
Crtuin mien rng uboot & Tei pertaps prefeatle 19 
{Be satement that, by a process of Tea end Eee, lasing 
Jay taken place, For i precely och terms an the latter 
hat cus he se of big conser as expastary St 
principles To reer change of bebviur to 

Erange at Inst side these fresh snd seductive pselldes 
of edeatiic lamba. Bat tbe fering that an explanation 


€ 
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of oaming bas been given it Dusery. For wie It i trae 
‘hat the thangs in the eaima’s butnvicor Bas presmmably 
{alex placa fo socedance with prenng 
Jet Hab datement kes bo accout ef the fat the ths ead 
oasands of otter such sequences ithe BEG’ lletime say 
‘be olmerved to tn on the wade fo fhe ciate’ erctagn, 
‘To elec leumiag to phynice chemical change pure end saple 
‘sto aie the albiemectant character of rpenc ireien 
‘Thar ls indeed ancther way ta witch we con tke al tho 
(acts Wao accoms. We tay maintain Gat the bid i 
peycbogiaial erpanin, a=d ray calm that he fac Chat 
Poeeas ofs sot material ender ae ocreriog is conmtcton 
‘hth the oraala explaes the rection of the organi peo- 
Vane Thee with MacDocgall we may say thal the bird 
nthe page Pane, ppg, hat the 
‘jromam ia the expen are thin 
‘ltaed "Wah tar iteyrtcion many ileal 
olay sae on Fre Mec Ys fred 


Eiger metic tr 
Satin drive. Un Ks git Gr the ple at the 
Tai orwell acme clad an amas 

itis adept oon mast and at Neda. Bet i 
cnr efor to carly oat Vig CAS progam in the 
Sescrpton flaring we toad not fel, wo easy give Sp 
{te ragga It soans, after a to be anit of ncaa 
onstenty, Wher payebelogy toe of the tbo 
{rea ofplslagy, wes i zn chs theae of pyle 
tcirr, neice Sonety- een to demand. «oro 





sccount any but“ phyeal facts, nod arises thereore 
fry much dove oy machina as 2. dizective peychic purpose? 
ay conceivably be poe at sae fare time to way of 

Here poy sce ends, hee payee 
[At prsat,ceteay, it not possible to 
in thia viding ine” Unt that fate tice come we 
have no sight to-speak of the cxganic boty inthe tem af 
Phyaical scence, wale ab te sume time tail reserving Uae 
Peilage, when we Gad corsiven in a tical, of pstoating 
‘hat teat be ragardad tn the present state Of kowiadge a8 
Siminucle: When, thecfoe, the lain Max tlle wt at 

1 at was we ae deang with bahar 
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tly ce tht the nd itunes tbody, whe 
‘imiting the cogeny of lis comnce sense, we mt 228 of 
Ihin permiision to sbPE, forthe time bang, the dicalty be 
raises Letring, purpocng cretores are material complenes 
1 which cmtain things ae obvervaily Exppeniog. Ppsal 





{be chemical properties ofthe cheman tote chew payer 
“Weare let the with the egal ancl demama. Living 
caus ate sata geiegtea, create fo wich bevel 
Generations of workers (2 the bloga seaces bave owt 
SSeooaly analyod by the se of the ponte of the 
imc and toquss tm to thowe thera 
Fxployed, Other mite vests, aotably those ia wick 
pryeblogats ace Laterestd, seen, however 2 Feqlre tome 
Sine ret sage A Eabragn Rien comtcy 
Seen neers roe at Se we at dma the 
more complen actions ofan orgies We shall eter reject 
tnt lth ings ofthe newt aay. tet 
{e'Sad forthe moe complex organic events x mctbod. of 
Stecrpton wtich wil no contact the base prncpen oo 
stick blsegical scence has been bal. We east eotetain 
the idee thet thore ban ber else wikia the ling 
toy 2 moaterkon f the opertion of ehewtere univer 
eal piacipes. ses, for exams, unpoooe 
[obold a theory of bebaviba which eames that fhe nervooe 
pula a plyucochamisal orest, nd which at the sume 
Ene cout that ce eter thea a phyechemia! event 
say inflate i 
Kno par of tbe perp of thin hook to maintain tht 
the programe inciated i oil not altzatcy Be eid 
‘out ini compltenas Bat, Sa Ua endeavour to follow up 
smote part of i, the perpore of the eoomting chapters 
‘sl be to Bow that organs any ceenrabiy be Consierod 
Es sates items so oamtitoted Sat orale events may 
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bbe truly subject to physico-chemical Laws, and yet, on the 
wwtole, and under the requisite coodilions, actively tend in 
an astcninbingly cxmplex manner towards the conservation 
‘of the living system in question. That isto say, an endeevour 
‘wil be made to give, not indeed for the Grst time but perbaps 
somewhat more completely then before, & description of 
certain complex types of behaviour which at least does not 
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ne aspect of the man's body it dots throw a certain Ught 
‘upon him Pe conta, It was by the fall of an organic body 
‘hat Newton is said to have bees sired to the ineesigationn 
‘which Lrought him fo omtain conclusions coucerning matter 
{im gmaral, both ecganic and inorganic. II the apple siory 
‘true, Newton certainly did not care whether the suggestive 
‘peldent involved living or nox-iving subsianve, and ie moet 

hid not fea that hs discovery gave a final explanation 
of the fru. At the rik thea of repetition it must here be 
‘Rated that in dicoming catain properties of inorgunic 
ratlar with reformce ta their similarity to those of living 
tubstance, the peesumptsous attempt i, of coure, not being 





(goes one atep farther along the path aleady taken by common 
Obvecvation and scieotiGe research alice.” Final desciption 
oF ulthnate explanation may well wait the acientibe day of 


“The Doftion of " Syiten""—=A rystem sony be broadly 


tre combined into on, a0 tat tbe canple extbits the 
perder ‘many-inoa which inten to. The 
the wholeness being lve 





says Bradley (1930, p. $21), " imply a whole 
to which the terme contribute ™. "The ayster ix just auch a 
laupled whole, within which may be distinguished elated 





matter Uoroughly, should begis vith stating to bimsell 


* Brady“ andy wich the tra ae ql” Ch sy 

Aur bald vu the" nlacnal lana". Tae convene rope, 
Ak every whale mt acemecty ply rate and dtc coos aE 
Datta i pothage open to quatre. les Suchacy maben crate ote 
ant ahoet the Hed of daneeia Gt many be Secded i 8 eyo, 
ie, en "rey sett erent arta Gtrnd 
Dylon at at of te st 
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zactly the daa of a epste,comay ox coatitation of any 
Dancear natre or paraeaar anything, and he wil. Tape, 
‘End that Ut 3 coe ox whole tae ap of several parts? bot 
Yet thatthe several parts even coir’ sua whole fo not 
‘Saiplete the dca, wean lathe wotion of a whole you nce 
‘he Feations and sapects wiles thee prt nave tcath othe, 
Eyay work bott of catere and art ta qytem” (ute, 
Semonn, Preface, 1726; ta Gladstone. 18g?) There should 
‘San be datingaihed fine the elements ofthe eytem, then 
the ations by which thee ace tnt-connectod an Taaiy 
the totality wht a exsttuted of the cements i relation 
Examples ony be given. Te watch ls Clearly whole, and 
sen by rae eal tng te whe 
‘aungie io potaye quatioatie, Toe waich & 
tne watch, though it compete « large suber of separable 
arbels tod other" parte" The total complex ie thee parts 
1 certain specie reations and i ese relations Phat mat 
{Cally oot of what would othareae be x miner jonk bep. 
‘Agua, the Brith Consitutan s'atyems It may be cob- 
‘Sderot a8 2." commnity of perce with & mackicey foe 
through a eglaire, by whic selfesprei, 
{alle tbe a, and by lt lane, authority Yo conto the actions 
of gina i ate” (Bong, 072) Hee 
tha cements of tbe comple are toe panna caspecing tt 
(Boup! thew pervs we ttcrcstel by the ley ay 
Fsts of ts Mcrae: & siya, b reat ts 
Ting ont of lpallyweparableentien 
iv distincton between the totulty and it slemeats fa 
well pat by Aristotle wo mpeaks of that wich fe cose 
[Pormded oit of emething wo that the whole i one, sot Ike 
heap tut Ake a aylshle-now the eylable in not it 
Cements, tele not the tame aa Dando, or Gach ce and 
‘arth (for when thee ae cparstnd the whole, te the Beth 
End e nytable, no longest, bot te lect othe 
‘lable ccs snk so do rw and carts), the syle chen 
teenething —not only fs eercents the vows andthe cnaonsnt) 
bot alo nimething eo,” Although the ramp of be union 
af Se and srth wo make Sesh is perhaps ite socio, 
Yet the dutinction between the whole and the elomacts 
Hare pereciy cle, aiboogh many ‘ould hardly care to 
‘bmcibe to ll the ispcatons of te et Sf the argument, 
(Arist, Mauphyes, v0, 12. Tr. B3: Rom) 
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Inside and Outside —Cleacly & system as thas defined bas 
aganeral a definite "inside ” ad " outside”. The parties 
interrelated elements in question are thought of ax inside the 

everything sae ab outside it. It is tre, at will be 
‘som Later, Catt sock elements may also be related to objects 
exteraal to the syrem ; but by dentin these Later relations 
‘am vot pert of the special set of talatioas connecting the 
‘constituent parts of the system. For example, every part of 
he watch related to tbe surronnding atospbere, But 
‘this is something diferest from the vlstions obtaining between 
the parts of the watch aad whlch constitete the Whole 
collection of epcings, wheels, ete, ino an apparatus by which 
‘Gua time may be told. Te Se true that sa considering the 
wath 43 a uparnte system we are to a cectaln extent i> 





point we shall recur later. Meanveile, it is pointed out 
That when tbe statement i made that’ the relations con 





tht ar ot pt 
49 thos divided into the systems and the rest of the univene, 
that i to say into what is inside and wat i outside the 
tystam i question. Thia distinction is then inherent is the 
‘they do not enter io the peculiar relationships which make 
without the law". 
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separable elements axe connected up into a waity. These 
Aierent systems ae of coure iwvenigntd by what are in 


Lrowlnige have indeed made Uber ae ofthe concept and 
ave. found that ie preents «highly valuable who 
of deeriptca, Some of these cases wil now be cone 


‘alr, however, maining the wie which ht bern ada 
tae ica ot tee parca Dae wl 10 
fant varias of ou Ct wares moony is ome 
Trip sa ecu pepo tte nut Caper te ota 
oe gum ns Lig ee Melee nyt Herein we 
‘thal be doing ne more thas exbibit « complex with a peculiar 
kind of oxganication or set of relationships, parallel to, but 
ot dice ram, te chee syne, tag ato, he 
Soro sano" Omi fi cg 

‘cpa cas rng geen wo at et ctemytig tS 
‘"Getee™ hunan tebavioc: tom Phyle chemi, uly 
rae than Donangatsremgts to doce the Bah Con 


af 


‘ystems Any material system regarded from te dymarnal 
point of view us contteted of umber of particereubject 
fo iaterconnections and constrains of various Kody, « rgd 
ody Being regarded as a celleciea of partic hich a9 
Kept at fnvarntle cintences Geom each other by meaas of 
salable lntersal ceactions” (Whittaker, 1904), In this 
etnition two points aze steaved, Fit of sl, the system 
sa compler, Jt comprnce 4 number of tements. Secondly, 
thine elezanate are not ently dicrete, bat are itereated 0 
‘tat they form the salty wbich i the system. Tae sytem 
Js'he interconnected " whole” of which the elaments are the 


im a aymbolic form the propertien of the parts of such 
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foc al yentcal purposes, bot it important fo remember 
‘Ghat pethesateal pyc involves high degre of abtraction 
fad simplieation, and hat may comceably furs oot that 
the facto rdicarly neglected af Somateral foe the purpose 
‘of mathematical palyus may be of high importance ithe 
‘eserigtin of bloga! events “The whole procett of 
tiene inveigalon £2 he proces of anja, sar wilh 
artaly deetzoyieg the natern "together * and replacing 
Wey un eral arrangement such ae never exis in aatne 
‘sal. ‘To take a exampio—the chest starts with peoparing 
[ate substance, wich a are got for instance by cytalizatian, 
Ur which fn some other wey 470 capable of freverving sme 
{Bubblty, come sot of ndapendent existence Sochwbstanees 
{2 gt really exist in tat luoatin in nate. The things 
herelore which the chemist investigates are Whos aticlal 

‘34 mock as they de not occur in stare ia that ialation, 
stability oc purity which ae the Secesary qualites of b> 
‘ances analYsd ce oduce lathe laboratory ” (Mer, 1910). 
Te-may be added that they never oscar even ta Ue Inbaaery 
‘with theve abelute qualtie, such as Cheortal (realment 
Seman” To°336 ‘poate “ofen be meceey to 


SFr the machankal system at troted_sethonatically 
itatrntes the wisi pact propery of the eystom io pene, 
tad exhibits the fact that mechanical rdations are veceary 
to combine the elements intoa mechanical uty. Yt llastrates 

separatenwe of the system from the rat of the 
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Srommaty; sy wdicion othe total elated clement may be 
considered as together. forming a partial system? The 





(Gut genera trextmext is unpamibie. At any rate, the question 
of the mice within a whole is ons of the most difficult of the 


‘Crain spec cast aye bac sbjeced Yo mahal 
re aarti) gute Witerd Cie Secs with care 
(eal sytem, Wicd Gite Seis wih atin 
‘aes is he docuson of "Detrogncs syteah” tome 
composed of ditren foe of ater and sw tacoma > 
cmcauae soosning the total reatoe of he 
peerage teaber of phe std Uys o qos 
othe mar of = pues 04, a ot 
‘ich an covert wrong tow airent tbs 
Tech a systun. The achicvenen of rch ae wh 9 Co 
Area ofthe tears by which toe nacry changes may 
beled may be contre an one of tho ootanng 
‘root ofthe homan minds Tearing exaspi ofthe 
eat’ of wate properties without consrtion ofthe 
‘Stan macht of ero 
‘Tor quosalsmecaption oft pasta syns b inportat, 
tac he nr pt ofthe cial yates fet wel kee 
Ai be mere regres theeppaene ck of ean geerd 
treainent of os compler naj. The faloningsamentny 
Comratios ere advasced wit we ddene iat hope 
{Bae they say be feplced Oy a more eens ana 
When x materia sytem is deccted ae fem, Stal, of 
‘edited, the sues te comlered to be ated cast 
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be called practical couscizce, sappotts the wystin to be 
around by an ixpervis envelope, Thare many f courte 
Se change within wach « fee or toll apeem, provided thet 
ste proce i nt fnconasen withthe fundamental matyng 
{lations If any procom tans counter to thea fundamental 
Trlntio, then the eytean & decroyec. ‘Thun #0 (hee cose 
iuert raters la provided in matheratico peal Chey 
{hat permanence which philosophical thooght bas long insted 
‘Sa underte al change, 

Fer cantpie, the poison of the tides willbe in invarlabie 
ralation to that of Ge mown, neglecting, thal & to my, tbe 
{Blanes of ether factors tac asthe ona th art's rteco, 
and a0 cal The systems carthweten toca stay thas bo 
cd tame covariate at He 
expres cbject of athemalical stays to exkibit Change 
Idee there ix inthe system, ba the fandamental celine 
Fermin thareby Unalterd abd for exactly Wat Teast we 
tre tc to say that we have (0 do with tbe atme cyte 
belore and afer the proce of change. If, bower, attention 
tb conned to the paral system exrtharate, ‘he 
{ied aber of tbe tod Ht wil bo necunary to gre 
Dumber of diferent and apparestiy anced dexcipsions of 
the water onthe earth, Ie fae, these desorption, ten Une 
flmpled, wil give wet woul, ifthe moos were aot cam: 
‘der all, Have Yo. considered number of dierent 
tarthewaterayttens, For the relation of pration between 
Doble spheroid and the water ex ha wartace are diferent 
‘tcordng to the loca of the weer, 40 that for ech wich 
fou a Sidecent epstea ie comaittet, By intrdacing the 
‘oon, Bowever, A contant se of teations forthe totality 
‘Srihvsntermace may be exhibited and te woe complex 
‘Bay be canaered to be the sce sates a diferent im and 
‘dierent potions 

‘The general principle easy sen. if a the total system 
alteratiows we taking. place ech thn! 2 permanent bass 
fniats fer the change fa qumtion, therein no guarantee that 
Tithin the paral system aay such petmancst bans eta 
{or the alertions there occuring? To conser any sub- 

"miata my stepson 
Be yong seh rae pap egies 

Te Sens Hee iy er «mea am nha » peti 
smote ios maybe bed pr we const co 
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group (corth-wate) as a partial syrtem is for the time being 
Go refoe to ae Into exount coraun elements (coca) of tht 
‘total yrtem and their sdations (@. gravitation) to the ft 
of the aystan. This wal often involve the zal alo to take 
ato account’ the reations ("laws governing the tdm) 
swhow constancy mecares the parsterce cf te total eye. 
‘Thun thers will coor ia the partal byte proomes which 
xs be refered to ne underlying low, and wich cvolve the 
Portia! aystem alone. To the stiten! sent of the term, the 
‘hens under consideration wil 2 rexpect of thee procmg, 
omattute diferent systems at diferent times. Conde 
birictly fn Hae, then, the pertal systeca does not perutj 
it guise, bowever, a cetain,detived permanence trom the 
‘canrtantcelaioon whics exist between fs eimaents and there 
‘which, with them, comprise the total ayvter, Thus the tem 
partial syaten i usted. 

‘Tha above wixtcment apples to the gencal case of the 
pactiadayetem which & comprised of « random selection of 
cea ote tal sera uy eee; tn 
Dartal syste corresponds to a more cr lem Tobust oH 
tcnation. That i to say, Chere exists a special vet of more 
ce las permanent! connecions wating ccrtain eemente of 
the total ayster nnd not shared by the other aemexts, ad 
oma specally consecied elements are Weated as a. patil 
tymtem. For example, in the cave taken the lider are In 
Physical contact wih the mith and rexain wo in spite of 
‘edinary change of the son's poston. In the ardinary 
‘thermometer the Height of the meceary cok varies with the 
‘outelde terperatsre At diflerest times, thon, ad taken 
Sstriely in eroaives, these vaying cles of mercury must 
‘be condlered to form dierent dymamical eystems, having, 
far ample, diferent centres of gravity; althoagh becaise 
tf their conmant relationship with the extemal temperature 
they may be coasidered to be the wae changicg. partial 
‘pymtrn ofthe total thermometer a complex. Apart, however, 
‘rom sock permanency the Suit boos belore aad’ after the 
change of teuporature say be considered as oaprsed of a 
forte number of maccury molecules i the Byaid phame? 
‘Tie apecal act of relaionn, wbetever they ar, that union 
2 See tlw ar» discandoe of rack permanence pte of prc 
ashing be nee 

eaten mia ohare aghctnd, 
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heen mele, forma a nara aticoation Jn tha whan 
tye ar gasemeccary, ad ts at ef ators cdraiy 
‘Shea eoog to poral pte of change nthe vst of fe 
yan il bowers, thee Lite: ange pst criain Hat 
Ti special set of rlatima no longer porte the merry 
trls or tees, ‘Tn inthe oerery of a thesoueer we 
Rive a perl ysem ha, tx adic tothe permanencn 
tt by seaion with te ftal tytem, ae bear in nl, 
Sneante of carsancy doe to Hs dom iteoalergaation, 
‘Toe mme thing tus the epg of 3 sprig elas, One 
ay say tha regued f'n pied oyun yeaa Us 
thazedyes these complene are cmeten, bat Gry bave 
SSpeda that are varie By «proses of simp 
fr oy say Wal the mercury apres the mame abe 
Gl satecia boars and ser 1 change in temperature? and 
itarr car dacrption at that. Tl however we eo fathr 
with the desertion and refer tothe height of hcl, Pen 
Sse fib toda a 
events securing i tach 8 may 

to have two st of Satrmining emai, "Thy wil be 
termined beth by the special teaiona of the Part 
‘Satem, on an by a act reutoatips which the Senet 
comprising the latter bear to the total syster, Such partial 
fyutene with amore or aw permanente tgazaion of Oe 
{hm ae of common eccurende bn Bolg sss. 

Ta pene, when sy partial yao Suri andy 
Ital Grain Zloast tor are tag Itt of aot 
‘unily tha ha eping om the rekon ware 
‘deers ofthe pari sytem andthe et ofthe otal Sten 
By contrat wih the contact total nyse thi gis Che 
Dra ayten a cera capriiounen or vacsbiy. Th 
Shecieaof a camplex as «parti soto is indeterminate 
td inoomplte. Tb, boweve, often a convenient, nd 
‘eres indent the sely pole, Sathod of Scr 
‘Th inthe cae wen th rt af te seer emer el 
unkown, but i steed to exit and fe bent «fe roaton 
{o what is inowa. Tndends tho oaibily of tbe petal 
sya ccs frm the fact that we bave waco’ tbe 
SBvaralty of decrpon that comes from taking al te 
fackrs ite account, and we have made this entice iter 

Semen cated peman. 
eareriens 
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‘ecause we mast, or because we wish to concentrate attention 
os the pari] aim wach Degen by macs of the 
‘concept of parti] system i then offen & 

lgvorince, Fort the sosumplion of al sents that te 
new the total conditions thea we sboaid be able to show 
that the epparmtly capeicions variations of eny given set of 
phenomena conform ta invariahe laws or relations* ‘Such 





Thoweves, we do ot sowadayn Tega at the opt of € 
rialevolet deity who mameatary creates freshen generally 
ther apres, Bot a8 Whately refeable to 
Ti invarane condivee governing ayram Znote compre 
‘ale taa the one we ae ae dehy to oberve~ peru 
inthe end ore slong the serial changer of te Sun, 
Ts coceapt of aril eye isin ratice the neesary 
complement of Gat of the whole ar ee" apne, for 
Sf pele nee nae make «comida 
gay cota ube ae nay sem 





tyra, de they we comple of otardated anes 
although they are treated a9 also related to the axternal 
‘world. Further, the partial system in in « sease subordinate 
tothe aole or tee systera of which it forme part, though by #8 
systemic unity it achieves a certain heavure of independence 
‘within the whole. 

"This relationship, between the tots and the partial 
ssecanial syst analysed by Harts (99) fe etn 
caer Herts defines a coanection of a (mechanical) syvem 
sas normal han it is independent of the time. A. material 
syetera subject to a0 other that internal and normal con 
fcticns is called a free system. If the conmectioos of @ 

2 nen the tot evens ate keowe, he poral ate is ht 
‘Valhnger cals a Action. We Shr of Coe wate fate St Oo 
‘memant wilt mee cated 

‘S'T do ot fn that we caw yot eal with the principle of Ta 
teicy in he tent. 

TF kn bee son tha this muy be vo Kee independence only, 
rhea hfs vod le epardd at Fara eeicn, Ue bl ping 
‘Biol mode wh 
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system ae diferent st two diflerent times, then " for the 
‘resent we must consider that we are dealing with two diferent 
Gysteme” (p, So, nection 120), the words “for the preset” 
elering to his Gest book whera only free systems are oom 
Sidered. "Every unfree system ‘we conceive to be « portion 
of a mare extended free system... . If wn wish to emphaciee 
‘thin relation we shall denote the matree eystem 5 a partial 
sytem, and the trea system of which It forms a part 2s the 
‘Complete system ” (section 429, dook two)" When a part 
ff a See ayetem Is coosidered an untree ayatem it ie aanined 
{hat the vest ofthe system is mere or lea unicnow. 








‘the roore general interest, being that of the guided system, 
‘ie umdengtn malo fat ae pefomned "wl the othat 

4 determinate and prexibed motion." He 
{Bove tat the *oquations of candion of guided sytem 





discussion 1s the same whatever Kind of tystem is being 
considered. What be gives appears to be a special anayais, 
in special mechanical terns, zd with special mechanical 


‘auyamptions. 

Moch the sare general point is also raised by Bowanqust 
(2920) in hia mastery little treatise exited Implication end 
Lineet Infernee. For Bosanquet interence, that ia to say, 
‘te extension of lmowledge, is elected by the exhibition of the 
implications of a eystem. If we faly understand the system 
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vouched for, that is to my, simply by ecence, Gey can 
sce neler fol meaning oe fll cetnnty. oc, lor all 
fhe evidence can tell us, they may be 20 today and net 
tomaaw." When, however they are shows in ther fal 
sytem eatioe, they lve this unceteioty. Now thi ems 
fa be very much the same argument a8 tbat of Herts, thoogh 
ie cxpreued. in guocral rather than mechanical torn, 
ert" partial mechani! systems are arumad to belong to 
sore extended fee system, Whi a7e, BoweNe, fl Coe 
‘lee known. The special eae ofthe guided ayetrn seman, 
however, a certain specie kmowicdge of the changes taking 
‘hace inthe taktowm pars. The feagon why these partial 
Fplems are considera at all tart they se given. by 
Seti, wie i eof thet em whi 
1 incom  Coonegeetly, Baca tory 
CS be called ta iat apc Cameo tt 
Dartial systems" posses mete fll meaning ct fl ceralty, 
For al the evkonce can telus Chey may be 90 today and 
fot tomorrow.” They may vary from time to time, oF in 
Her cern, Sir retin ol onto ctl it 
Aeneral the time.” This agreeroeot Between the login 
{he mathematician, cach them, it may be tentoned. 
iconoclast in his own Seld. some to provide an excelent 
Aluttration ‘of the Tundomenta! interrelation ot loge and 
teimcn. The reader is refered to the crgical panage in 
Beunguet, whee the post is lstated soot excelltly by 
an account of Harvey's discovery of the ebeulation of the 
Eowry System sry spanking «Parl Syien.—It may now 
‘e seen that (ll descnption would make every material 
system strictly speaking partial system, except tho ariresa 
ite, the “system of the peysical werd” (tebbiog. Te 
is equally true of éynamial and of geometrca)analya that 
it applies only by abetraction sod stmplisction to he data 
al experimen. Only by abstraction can we npeak ofa pendalin 
wehoot the earth, of the earth without ober gravitatlonal 
‘dies, and so on.” There is not Sn mature,” snyn Poincaré 
(ig13. p. toa). “any jute perfy inated” petocly 
femoved form all enteral action bat tere are eters 
‘to iaolted.” Se that itis now possible to give a fuller 
2 1m ndebind for thie arene to Prfemar eld Macao of 
‘be Varn of Tawetn 
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meaning to the statement that i is only by abstraction that 
dee can consider any complex at a patil system. For the 
[Rive statement applies to ll systems of experience, whether 
{or te specie purpose ofthe mrcet they are considered 19 
be partial ox fee. 

“Fae Property of Constancy —1t mas been seen that x stem 
mast ecibi tome sort of Constancy is order that if muy be 
ecognieble ar a oysters fom Invant to stant, Un the 
bates previotly consderod, whack are the products of 
igh dagree of abstraction aad simpiScatin, nich constancy 
ia ultimately * given by the assumption of the pesseace in 
Se syetem of fentcal material elements and flan In 
the eller physies a fundamental pevaancat in change vay 
fiven by wo pontlates which seend expircally justied, 
famely howe of the comervation of main and. energy— 
opens wich s woth wating apple oh pen 
‘ha whole, While the newer physics bas spparenty 

ee aw at Jena ia the form in which Wey were orgy 
expensed, yet it as inevitably provided a mbatitute to ensure 
Ae neceiry constancy." The aggestion i that in almost 
tiny conceivable word "oil be conserve. Matbe: 
matics gives us tbe taeans of coustructiog 4 vaely 
Imathomatical expresons having this property of comerva- 
ton” (Bertrand Ruel, oye). But there wre, bowever, to 
‘be found in inorgani sabre cates of a vootewhat tat tune 
soendntal coustancy, caves where the iterations ft 
{System are such Oat a Gavatened change in sone partcdar 
respect is followed autocatially by compensatery changes 
terdig to Heep costant the Ueatened factor. Let us fat 
{ake sucha sple mechanical sytem as the comison gravee 
onal pedals." physal foe is wpplied to any part 
of the pendulum, erovted that a certain mit snot excoeded 
{he pendulum Is ot darapted Tain ia dee tothe fact that 
{intermolecular foros fs Oa satel of which the penéuum 
{6 composed ofr a compensatory resistance when the extersal 
{ovens applied. Were the perdsium 70d of sand, or of charrod 
‘Ueead, it might hal togeuer for 4 moment but the lim of 
Tesistace would be moc smalls.” Ware the raatons af it 
farses Chose of a gas, thee coold be 50 pendula uve 
pabaps of an astronomical nature The estes of the 
pendula system depends upon the rantaal relations of the 

‘Ten meant we te ery Se” sire pete”. 
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partic cmpoxing it, and inthis cemestary respect, namely 
Eni cfoftribg « rktance to extraal change har beet 
seen that exy sald body ray be considered as a sytem. 





ponitin is, in a constant gravitational Held, restored. efter 
external disturbance. Many siz examples could be given. 
"The pendulam is a dynamical system. We cousider it as 
‘obeying the laws of mechanics, as responding with movernents 
fof Whe whole camplax to external disturbance of x mechanical 
‘ature and a8 being brought to rest by fictional agencies, 
which may be treated mechanically. Let ws now take what it 
linows as a stalisticn system, which is cne the elements of 
which cannot be treated individually but only collectively. 
Soch are the chemical systems, where the interrelations. of 
the elements are considered to be of a chemical nature, x04 
‘wboco the chemical reaction is considered an a whale, 
from what may be called the chemical fate of any individu 
molecule of atom. Here i¢ will be sotieed that the @hole 
[property of the ater is exhibited far xcallence, It indeed 
only becante the chemical reaction can be trented as a whole 
‘that we are able to desecbe it at all. Thin is excellently 
Wosated by what are called the reversible chemical reactions, 
For aample, when it is heated to a high temperatars plow 
[phoras pentachlorie splits up into the trichloride ad chlorine 
‘At the same temperatare the latter two aabetances also 
combine to form the pentachlorde. At any given high 
‘tamperature, there is a certain parcestage of the pentachloride 
Jett undinsocated at any moment. At 200° srg per cent 
Of the pentachlorie is let, the remainder having split wp, 
[AS ago" thene proportions are 22 per cant and 80 par cmt, 
‘end $0 on. But this does not scan that at these temperatures 
[51 per cent of the pentachloide molecules are permaneatly, 
‘ited. Tha whole system isin aate of tux; at aay moment, 
for example, an Individeal atom of chlorine masy be tres, 
‘while atthe next moment it may form part of » pentachloride 
moles, But st any gives temperature there are alsays 
In the aggregate approximately to many trichioide molecules 
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ed so on, Thus & specife mumber of uch moleales at 4 
‘ven temperature wil exhibit © constancy which essentially 
volves change of tdividasl cements, bet wich is neva 
thelom nome fhe lve real, Let us ay that euch a chemeal 
sytem i, 5 elementary way, so ongeited thst there Wil 
Adivaya be pment in the average a certain epecic sumbar of 
Dpentachlodde malecles. Ths Gmueeved group will be come 
pote > dferert molecules Sm time to ne; at there will 
ivaja be proat ach x group, x long asthe sytem parts, 
‘Ard of coure under the highly ‘ealned eoditions aseaned, 
druaze the Venperatere, pressure, saber of mola a 90 
1 are cnaiered au conaant, be yates naa 
Sch Meal conditions ae, ofcourse ot telized in practcs, 
Jn paces there always occurs in the suvoundings some 
Sealy tee eee 
realty a rer. Tin intersting to oboe 
ea fans rach change So ocar Sach revere 
Chupa ote bey win ald the Le Catlersraun 
a dtesng «econ tellin oan 
eu determining 2 * ‘un 
‘hit i tach n vay as to toad 0 antl the sot of the 
shnge (Edgar, 3924. p. 307). diferent example wil be 
It water vapor ib heated to « high temperature, 
ten takes pace ito the crise ues, jee 
fund atygea. Bot at tc temoperatuces the reaction in fevers 
Itt, theve two gates combining to fem water vapour, AL 
any particu emperature the two opposing procases wil 
Come 10 a pesition of equlibin, 10 that (bee Bb abways 
eT eertin proportion of the macs combined as water 
molec, and a certain proportion ensting us tree molecule 
of ydogen and axygen, ay ix the caf revere action 
{Gready conudered. If Us texperatare ofthe sates changes, 
Gen tis equim i tre ar tes ane stakes Up, 
Le Chaeher's theory stats that wher such a change of 
‘experature takes place tbe syste, i parsing from one 
state of equllbinm ta the cther, give out hat if the tex 
erator i lowered, and adecris beat is ralsed. Thus 
fis action ini thin Despek compenstary forthe datrbasce 


‘hac ace crit ovens to tie satamand. The ttn ane 

‘hee ia puebec, wie, hts scala enthanzal energy Th 

qiion most be wisi” Ser Latha A Jy 2p, cheer oo Le 
=o To 2s. cee 
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of the equiltrinm. The systam appears to“ rexst * 
Simalarly for the premare and lecteal conditions. Many 
other examples could be given: the rule is, with certain 
‘restrictions, universally val, and it may be dedaoed from tha 


‘upon the fundamental principles of physical seimscs. The 
lives of thermodynamica are of coarse of absolutely general 
validity. “They apply to matter and enerwy, however these 
‘may be naturally o etifcally distributed. But given certain 
‘tdditional conditions of organisation and state, then these 
lw may operate fa wach a way that they tend to produce an 
faddlional terlt, in this case 2 new conservation” edlet, 
‘which is not that of mas or enecgy bot of the texperature of 
‘ta aggregate of molecules. It is (cpertant here to realize 
that it's, again, onty by # process of mental abstraction and 
simplification that we are able to obtain a complex which 
‘obeys Le Chatelie's rae io its clear-cut theaetical frm, Foe 
{hii tn ea rent, depnting vpen conto wih are 
in practice never realized. Ideally we are able to keep all 
other factors of the equikcium constant. Practically we are 
never able to do 20 with abtolute exactness. TR nattre, one 
[eal spect tat eve, rosgh obedience te thn cae is 
‘cxcentvely care. fn the laboratory. tis posible to obtain an 
serie et wil tri ovary cw prima, 
the sa systers in a chemical equibricm, er constant 
state, which involves momentary change of individual mole 
cules at in which ace preserved the namber of the molecules 
cof certain specie Kinds. When external conditins alter, 
this canstant ate is disterbed to be replaced by a new one, 
the tranultlon having to a certain extent the result of cam” 
[peraating fr the direct ateation which wold otherwise be 
‘Drought about by the externa change, Change of ebendcal 
‘equlltriem tends to compensate for a change of temperature 
‘amd go on. Tt may be said that the chemical complex tends 
‘to maintain a constant patter of structure of an elementary 
ind, & patters in which diferent individual molecules may 
be involved from time to time, but sich, nevertheless, tends 
‘to preserve ita constancy asa pattern. 
‘Such costancy of pattem with individually changing 
slements, and ultimately perhaps depending on the same 
‘Principe, ls seen stilt mere strikingly fo what are called the 
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loafer shutions, which bave been wind so extensively by 
biologists for the last Giteen years. A butler solution #8 ene 
smhich tends automatically to Stabalize is ackity or eaKlty, 


1g. of sodium bicarbonate in 300 litres of water and allow i 
to-attain equilibrium with en unlimited atmowphere containing 
fone grazame of carbon dicxide per Btre. Let hydrochloric 
‘acid be added in small portions at a time, constaatly shaking 
the solution ao that there all always be eqaiesumn with the 
‘carbon dioxide in tho gas phase." . . When this ic dane & 


wth the sodium bicarbonate, with the formation of sodiom 
‘bloride and the Uberation of carbon oxide. Ths 

be retained in the solution, for the carbon dioxide 
already in equilitium with that in the“ atavoepbere 
oa the newly Uoerated carbon dionée escapes from the 





ld, andthe acidity maine what it was ator, the only 
‘ig « dined concentration of he alkaline salt 
Whe, Peter, ail the earbomte sete, hi 
pr ceases to operate. At this age the athn 
to prams of tpeeN uci “amen nyt ur 8 
ID city atthe pecvices $8 grammes had done, or abot ro 
Inundre ties there caused by a hundred times the amount at 
Ihe at age ofthe exprinant "*(Beyse. £524, PP 20, 201) 





‘sytemie changes a certain constancy ix preserved it spite of 
change of conditions such as would, without special argnniza- 
2 chanel, 1 fos 

| By peafnsiog an somite? apace fr“ vention“ Baste 
tec obtain w grater degre cl conrancy Chin wok! be thn Gam 
rom baer atin Nowe Spee, 
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tion, greatly alter conditions. In respect of alkalinity or 
‘eidity the systema, wit Keita, ralanively oll presereing. 
Many other examples of butler sitions could be given." 
‘Thus @ solution caneaining proper proportions af the two 
phosphates cf sodium, the maoo- and the disodium phorphates, 
Sil vary very litle rom nentrality even with considerable 
excess of the cid oallaline campaneat.” "A solution con- 
‘ining protelo wit actin the same way, wnd so on. AD such 
‘tclationsilnstrate the fact that special cgaization may give 
12 chemical system the special property of, 30 to speaks 





sil ail tn te nes 
eerste of compos ih wat ay be 
Bete corr uc a ty bg 
en euch ae y ape ergaraation td cago oat 
coapeatin may be ly petay Pelee Ta 
eo a Pate 
seb oar ce Ee heres 
healt uve dagtiog at happen vera 
fat inthe middle Tn each of howe cases peti rgunination 
bring ext the prunnceo « plten eno whet erent 
‘aol eames ay exter 
ie kapeane eas the diteece betes och 
complexes and the closed or tree system. Each is complex 
Oi camens tonected by spel startin, 
Sh dhe ast of cea tonto an absiaction, 
Hach this ecto costacy. Butte cman) 
reat « vary erect thing inthe two can Te ein 
Ciutat bei eoditons veh eviacion bet 
tuade auch that thr a reaea why Ht shoal change 
Evay pevurary eget in tbe michel fee ste, 
Say ser ef neal tanta! eeegy on leek 
Gr Get ten ha bos eroded rato tows 
{hat aves compen canoe pan thi tx ha the copler 
‘Stir Seow aber Oesded wid a he cond 
‘ate alti he usar cmeply Sido 
hes eimagne at woud ake psn woth oly 
[npeviow eniope rad the agree queen, Th 
Sie or dane gion bo coun beatae, wider te 
carte WE hs 
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Postolates of physical sclace, there is, ex Aypothess, no reese. 
‘aly it ahodld not be constant. Under the sums postulates, 
however, there sat fst sight every reason wiry such a complex 
tiv butler solution should change. In certain respects It does 
I fact change. The dlutica alice. The number of molecules 
in i alten, Since these particular alterations depood oa the 
mount af quid iatrodaced ‘rom cots, no underying 
‘constant grincigle can be found for there within the partial 
‘complex, as wach. From Ube point of view of the complex ia 
igoestion they may be said to depend on external eaprice, (0 
be contingest. Aud yet special organisation brings about ia. 
the complex a certain constancy of its own. Such a comple. 
provides infact an excellent example of « partial eyaters 
{es ows organization for constancy. 

lege ccreretg vo lyes pocorn pater 

1 more compreberaive syxtem wich a complex is & pat 

systera, und when considered in oartain aspects fur se, apart 
fom its relations to the rast of the eysten, i i variable or 
contingent; though Its celationship with the rest of the 
syatem gives i¢continoed identity aya system. On the other 
Ibund, us poscsoed of its own internal organization for a 
‘onatant pattern it exhibit its own Snherent constancy, The 


sudow at 4 distance the bilogical aystems, which will Inter 
be ten, all of them, to be essentially partial systems, exhibiting 
a remarkable evnriancy of proced-pattem ‘which allows for 
interchange of material cements sb tae exvironmpent. Of 
coure it not surprising to find ix the baller solutions euch 
8 foreshadowing of characteristically biological systemic form ; 
och ty the mad iz oe Haff wn agg Daler ay be ccnitred 
lolly us the save putt spur: shi Or wned we rnmaage It 
"oe aad ta the lowe ba”, oot uae changing beg of a 
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for the Wood of the sicbeeathing animale actually exiita 
42 most daberate and surpisng variety of bafer reactions 
tnd in lack the carbon diode aputers ed i given by Baylin 
‘i xnalagoos to what goes ox in the Hood of rack animals 
The constancy of the bjazegen ion croceatraton af the Hood 
ihone of what Cannos (2929) cis the Homecsttic or constant 
ages ators Sechelt 








ving expan, 
"pe ee tat erga constancy bast kerentary fora 
counterpart in such systers as the bafler solution raises m point 
‘which i well to eiseuse fn this place Le Chatelier’s theory 
1s, in its strict form, deducble irom the laws, which are of 
course really postalates, of thermodynamics. Such dedction 
Iimpies nothing 10 the mechanism by which the compensatory 
shift of equiibeiana is brought abost. The poit is well made 
by agar 129.” See the encey changer accompanying 
‘reversible process are determined in general by the 

‘and final states of the system. the deductions of thermo- 
dynamics have the advantage that they ar¢ independent of 
the mechanism by which the change i troaghe about. This 
‘of course involves the drawback that proot of the mechani 
fof the change cannot be derived fram the final resules by 
‘thermodynamic reasoning. In applying the peiniples of 
thermodynamics to a chemical reaction, thereore, we are 
concerned with the relations which exist between ‘the pro- 
portions of the reacting vubstances af the epwilibriue condilion 
tnd not with tbe mechaniom by which the condition of 
‘mullkrinm ‘was attained.” The same point has been made 
Dy many other veriters ox thermodynamical problema. It Is 
of great Importance (ce the understanding of the relation of 
‘organic functions tothe postelates of inorganic scence, Three 
‘palate are really involved. Special organization raay be tald 
to superimpose special methods of functioning upon the 
‘thermodynamical laws. Secondly, thew special phenomena 
of the epecially organized system are quive consistent with 
‘the thermodynamical pestlates, and may indeed be deduced 
‘trom them. Thirdly, i bas been found possible, by choosing 
suitable postulates, to study the properties of = thermo 
dyparicaleytten without full knowledge ofall the conutitazat 
elements and relations of the system. Of the metaphyseal 
ciples volved I am not certain, But there seems 20 
Gowbt of the facts, When the expanizs is being cousidered 
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‘42 system it will be well to bear in mind thet the apparent 
‘uniquenest of many organic phenomena by contrast with 
‘hove of the inorganic werid does not necescarly mean that 
the postalates of physical science are being contravened ; bul 
‘hat it iat least 2 tenable hypothesis that the specal organiza 
‘Hon of such ving systems may, in accordance with these 
postulates, produoe special ceva. In fact this fs apparently 
the hypothesis tacitly adopted by most modera biological 
research. To retum to the inergunic example’ the baler 
system operates in accordasce with the laws of themo- 
dynamics ts means that tbe lass of thermodynamics 
‘operate under special canditions of organisation to produce 
the baller effect, and that the particular method by which 
this eflect tu prodoced depends” upon the specific type of 
Ccharieal organization iavaived. In the same way, under 
certain conditions, any reversible chemical eqaitbrium must 
{iM ina certain ection searing to the erpadyearat 
atta, "This i te inter By jot what ceria 
Changes this resute is eflectad will depend ex the pecular 
nature of the system in question, and the whole prooas will 
indeed not be fully understood unis more is known of the 
‘intimate mature of the ator and its association Into molec. 
‘This has been generalized ty Puul Weiss (1925) into the 
octtine that itis porsible to study the whole propertice of 
systema in. general without cansidecation of the particular 
internal sechanism involved. In fact, this mast be done if 
certain problems are to be solved. For the study of the 
chemical system the eludy of individvel atomic relations 
‘would only cause confusion. It is enly by the study of the 
‘whole complex of molecules, considered as 2 whole and taken 
I this case statistically, that certain results can be obtained. 
Teas been pointed ost that the intricate nature of the changes 
inyelved in chemical reaction is as yet hardly known, and 
Indeed the scence of chemistry was built up at a tine when 
cur ignoranes in this reapect was even more profound than ft 
today. Similarly in investigating the properties of 
Pendabum, the individeal infermoleralar foros cannot be 
Taken inte account. True itis that the pendahisn properties 
‘anid be imposebie without the particular inter<onnections 
snd reatraintsthat regulate the rdstionsetindividaal malocal 
Ft itis the ecganieation of these individual cunnections 1s, 
‘and into, 2 whole that gives the peculiar properties of the 
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‘pendalum. This is true even thowgh these propertien are 
fubibited by simplScation of the total dats, The pendulom 
[propertias were, again, discovered quite independentiy of any 
Knowiedge of ttomie and molecular properties, and indeed, 
‘while we are sil very much in the dark as to the nature of 
‘the cousituent elements of the pendulum and the mechanism 
of their counectioa, we have a very exact knowledge of the 
properties of the pendalum itself This is only posible 
because we can treat the complexes of atoms that maka 

‘up as units with whole properties, neglecting the internal 
Bechanim by wich thee wisi property aan, 








‘properties ofthe pendulum ls atoaic and aub-atonnl relations 
“The further question is then asked by Weis "Is it ix 
taal indMlerent what order of magnitods we employ in our 
‘explanation of the obeerved conlarmity to law?" Clearly at. 
on mun be er fant that scaly exe 
being deserted. The unit which may be 
teisble for one Wak ‘of trovdgy ony fet bo eels 
for another. The clock-maker, the stractaral engineer, a4, 
‘the physicist ae all dealing with the same primary cueri], 
‘ut they deal with it in diferent uns. 
‘Agu, t0 split up the clock and the brkge into the same 
material i to Jour Use characteristic quality of each. Tt ia 
trae enongh that each consists ultimately of the “ matter” 


if 
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‘complementary point that similarity of whole properties dots 
fot pecesiaily imply similarity of mechasiam "A drilling 
machioe i ot a érling machioe because this cr that 
‘echanism ia running on a iron frame... . Someose else 
‘ay aolve the sume proba by another macanira but Both 
fare constructing deiling machines” In particular it may be 
‘pointed out that what bas been called the property of com 
eevation may be attained by the use of many machaniom, 
Tn fact, Welt makes this propety the distinguishing 
sharucterisic of the system, which be defined “x complex. 
‘which shows the tendency, pon alterations to ih pasta, to 
femain constust as a whole towards the external” worl. 
With a alght change of wording this deSnition may be brought 
Into line with the one here advpted. The latter as, however, 
been prefered in this book, as seeming to arise more im- 
mediately trom the usage of logic and physical weence, while 
‘Wela's statement has a more inenediate ological application, 
{ft may now be seen that the existence of camplexes maine 
‘wining a xed pattora has a certain relation to what is nows, 
1n biology as the principle of the survival of the ftbest (Lanka, 
i, chapter on Le Chateir's Rak). In the tact 
i a complex is so organized that it will automatically 
compennate for disturbances of exeroal origin makes for the 
persistence of such a complex. Thus « stone “survives”, 
‘hile an equivalent number of gascous molecules dimipates, 
‘The same thing is trve of the patterns; relatively spealcing, 
thoge patterns survive which ave sssociated with complexes 
tending to maintais them. The greater the disturbance for 
‘Which compensation ca be made, the more robuet aay be 
‘mid to be the complex or pattern It is asaamed that ia a 
‘world considered a8 2 fortvitr concervas aismonn all other 
fiactoes are equated in the two cases. In the same way, the 

















alg 
for survival value. Tn a sense both statements ae tantologoos 
‘We say that organism or that patter sl srvive which haw 
survival value, and if the question be asked what is earvival 
‘value, the only ancwer is that it is « characteristic making 
for survival. In nether cate are wee able Co state directly 
from the principe iiaif which special cxgunisaticn il bo 
“allowed by the enservative result fa question. And yet, ae 
‘Lotka poists out, the principle of natural siection bes been 
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of the highestvaloe in tisha Jo spite of ts iabilty to 
edict the apecte conditions that wil Save servval value 
Titel, ach prophecy wonld be as impeogle as uxneceary. 
Just as thee te any fechas by ach the enservaton 
ate may be product ia a rancving oem, 0 there no 
teason to mit the marber of orgie tate wich ay Pave 
turvival valor, nor to chim Chet noch sarvval value mast 
tways be prodiced by te suze means, Presumably the 
Insect and Oe oman race have each earned Seach auribss 
iy en edereat spec eame 

‘Displacrents of Darbed Syetons —Toe dscnion bas led 
a camaderbie cinarce om the mer as onal dined, 
srhich persate baceme eh eemeata and. Feations main 
denice Teare ae, bowever, certain problema whch can 
aly be undentved in reeeace (0 mach systems. Conse, 
{ch 2 complex which hat been dettoed bythe addition of 
‘sergy ov material subutanoe The diterbance bas rented 
inva change rom the orig constant state, and it ba been 
fen chat om a carta pint ot view is poole Yo tay that 
STreseytam seal reat Now te ponte of pyeal 
Seinnce reqate that after the GSterbance & fet contant 
tate will orver or later be seach the new complet 
tegen Tat sy te eng sf 

plac aplacamens mat hat eget, 
oan tially eablahed Otberwve wil thee come it 
Dein some kind of" perpetial motion". 

i tan Seen sen hat mich Seal conditions are never 
actually wxpericiced. Nevetheles, the retarm to oqaitnian, 
In eabted in many systems ol cresyday experience. A 
‘ringing pendulrn goes on forever ian elecnal éynantal 
Sultan, i is cated and if there tno fiction. It 
‘Kore fstion, and tan there always i ft comes fort, 
Provided tat no eoerey i cansaited to f after the Seok 
Engine: Tn the same way all other yochasiol syne 
tetaaly do come fou palin of eyelita snam mergy 
is peaptualy ruppintto thea. Ta ether apetemn Got 

rodaca the same eat 

Consider such complex a a pecdaban after a Stance. 
Movevont takes place at aay’ suvmt becuue the for 
acting the pendslum are no! balanced the pendula 
‘Guioms fo move oat then forces are evenly balanow, at 
Sony, antl there i no reson why foowecint abou taba 
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pce in one cei cater than anetber. The site of eet 
Ene where“ aang cocus, lr ott can occur" Every 
fate of doplacement i meter to this Potton thas the is. 
‘The fal state a the & Siting pont, to which preening 
states may be thoog of as approximating. Tn mathemati 
Salpas rich a lentng poulon b decribed, for canvesience 
aly (Petackt, 2850) by saying that hee cota’ mathe. 
tsedeal Daetions have 2 acasin of minzotan flat. So 
{Bch and po snocs coiy occurs avin rte of the faces aNd 
Grounetances lnvobet Cam occa” And agua, "Oe tt 
fhecomana of eatere cable baciaal of Senkcal properties 
Sccasne when thee s <= bave bon etatiched the cates of 
Ui further alteration are removed " (Mach, 2093, 7.460) 1 
‘ow the wystan exits what bas bon ciled 2 property 
constancy, the dstorbunce given to scien Of tral 
onal sater which tend towacdn tbe re-csashoent of the 
ttate that is conerved,. La the can ofthe pentalam tha is 
the vertical potion» withthe baler vlution ts tbe constant 
mien na pao geet 

realy topectl cr iiing can pon bang capac 
toe cre nea aly ona ena 
Teoma The Wee May od ata nae 
weak Kohler andthe other Gestalt ppchalogers tant 
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towards a cumman ex” (1924, . 74). Hnow the eyntem is 
sch that, after various distances of different dagroes, the 
‘xiginal positon of equlibeiam & faly restored, the, whatever 
‘te serie of displacements, the same fal resol % reached, 
In the cate of the pendulum,” Sor example, bowever the bob 
stroke within Hines dictated By the Intrassysiemic foron— 
here the “strength " of the string —the mame vertical pation 
5a finally rmched. We can, then, say that ve Boal position 
Stina certain sense independent ofthe tall of the preceding 
‘tansitonal poaitions ; when we see the pendulom moving 
‘we know that motica will continoe uxt the vertical tate of 
‘Feat is attalned, no matter what the intervening moveruentS 
Baye Tes cement bomen to haeinpertat 


qulicum wach that it teodh when ditutbod, to be 
smsablabed cle" stabi” by eon te seabed 
‘eta or uvstable equiva These latter may be sm argaisod 
‘tnt the act chesizal cr other changes taking place wha 
quiltrion is dstwbed Bave other than what we have 
iteribed as x conservative deection. Thus (enetice, 1922) 
hea bbe wich, oe eng 

Yack to the crigia poston, would rent 

ms pregrestvely “arther renoved. tru hn 
‘iginal sate, unts gulls was tadoed reached, bot exe 
wile was tas fom conserving the aig factor which bad 


osttion of equitbetum and another. The fret st of robles 


1 Deedis maine the Le Chater priate cette rae 
ogres (70s) aut suxag Le Cantor's ree of ve pi 
Egy than tn proposnder rigaaly bed Ie mid. Soe Humpiey, 
oe 
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bas been treated by W. Kabler (1620). A detaled acconst 
(of Koble's analysis bere menocesary. It unay, however, 








by the addition or subtraction of lectrity at acy pot 
‘Thus, nocoding to Kehler the charge cannot be considered 
tha near oe arthontieal sum of geumetieal dis 
ata eletaicty, bat mont be regarded ay « unit ia 
‘with properties ofits own whichis more than ” the 
the part, and is “aonaddttive”. Further, the 
inciborice is tanslerabe 


ie 


| 





g 

ae 
i 
i 
if 
aa 
He 


‘proportions be preserved. Furter, separation of a 
‘quantity of eleettelty brings alteration of 
lon, and 49 on. Another example give 


i 
3 
iff 





of 
‘acovered by Kabler in the physical Gestalt belong tsa ia 
fn ckameatary way to the qstem io geaeral. The system is 
early" mare than its parts. Let ws retum to Buthe's 








(Oener, 1990; Jaensch and Grsbut, 3929). At feast It doe 
Sot seem legitenate to conclude that Kebiara treatment of 
(Gus physical Gestalt is therafore of ao value, and that bis 





‘Now thia point touches ox a problem that bas engaged the 
altenton of plilonophers fora generstion, namely, that of the 
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invscaty oe externality of riations. The polnt at fase is 
‘whether, by esterng into = riation, a thing & modifed in 
Sis cena, Interal nature, ce wheter the reation sony be 
‘aurely exteral to what belated, Is the ane case, the hing 
if fandamomtally onaitred by becoming + term in a best 
‘lation ; in the other to enter into «elation mast being 
fundamental change {0 the exsties Involved. 

‘Now this is not the place for a discussion of this difficult, 
‘eoblem, neither is i necemary for ome purpose to take one 
Ede or aaotber. eis only obécamcy (o'say that many ph 
Iomopbers of the Nighest repote hold that all elatons aze 
‘necearly interna, ad that may bold that some are ater, 
soma eateral, while othe agaln, prbaps in a minoity, hold 
Ga eee en ow cr Gh el bs 
Tact ofthe tral vesion, bing tbe dos that 
tre ase at lest certain phyla! astemt the demeats of 
‘whlch ate fundamentally modited by toe membership In he 
‘yer, that i to any. by the fact that Chey bave bees browght 
‘imo reatceship with the other menbere of the comples. 
We then one holds that celations are necessarily intemal, all 

yal rjc ts eyroryions withthe Gas. font 

cf i Hone 
Ghee er areata neal Se 
ible to conser that certain physical sysern come under 

Dhler's heading, nase, these in Which he relation between 
the slants ace internal. One who rehises to admit the 
Douslblty of sternal relations Tous reject the. physical 
Gestalt altogether. in any case, KObler his performed 
service of 2 wary high ord by this direct application of 
‘Philosophical concepts to scientisic thought. 

"Thi conlodes oo general account of the concept of system. 
1 may bere be peintad out tet the discuaion ‘as bees 
cenfted mainly to eampes faze from the pyc cine, 
hot because these acences forish the eely legitimate uve of 
he term, tt becanse they do fornish the most highly 
tdaberated instance That isto sry, the systems ab Gait with 
‘by physical scientists illustrates the application of the concept 
‘af sytem soder the apecal rertsictions tnd conditions wich 
Ive been found expedont for the description of noncHVng, 
matter and its properties. How far the properties of the 
nystem tmay be generalized f  pechaps imposible to say at 
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‘he peat sage of rowidge! At aay rte, a0 throng 
(Gi cae A mah compe gran ated 


a OP 
deere semesey na ee 
pt a ph 
Jngically separable from the outside world, though the two. 
‘are in experience inseparable. Sock an aggregate will stand 
epderetengaierty gent 
Soneeseeaeiae eae 
pg ney RCE 
fa Seeren es eecee 
Sia oars 
See ete 
=o ae 
poo nee 
Patcepeaetoott 
Tuiting value. A system may be so organized that such 
i ey aie 
Saeenceme 
eee 





‘asmiaries to the types of camploe atendycormderd. 
‘Tis wl om the general tpi ofthe next chap 


Naty-—Othae dataions Save tees ren ef the serm vetan, 





‘Toate “eurvivd post =o te ple i one Aron 
‘aur. Of couse evacy couples tart kav vive powet€ veel 
degre or ond ietanneoetly and tua campo, nad ue wot be 








(CHAPTER IIT 
‘THE VITAL SYSTEM 
To mutual fein the same ed we area far ws orb onign 


the ston sara caoet 1g 4 eopction tm fl and aaa, fo 
‘a dascna of shoes Europa and Aaa, te Ugh of or Wiehe 





tii yeas nd cede come ep 
tthe ate to Sy men Pops emg ae 
Shounen Tie thy teat” Tou) 
Sct peat eek Srermil te gn tates 
“ , i 
ip the ee ¥ 


‘who speaks, about yo 2. of "the whol system ofthe body " 
adel and Scott, xf73). In 729 Bisbop Butler (i 

ote) uses the plrve “the body a system In the 

ineteoth century the (erm was exrployed by Cuvier (2831) 
zd ao by the French ssatorist, Vieg @Aryr (1008) 
Clandcad extrples of a some Inter date ure the works 
of Lotte (18s) and Avenarian (1907), each of whlch writers 
imakes extensive uve of the concept of the inter-connected 
tyutem to dematbe erga phenomena.” Among more modern 
‘ters ae Latha, eho rls cota to “Living wyotena, 
guano (023), who states that” every rganizn i & hyo: 
lngeal apron a wationsy eaten od Bayliss (909, 
‘who tal un that "the ox of fhene beings" (ce. ving 
Srpsslma) are heterogonoes eytene.” The sae author 
eles to the ametba as syste.” Verwoen speaks of “vital 
seme” (593), Pavoy (ego). ofa deel coeumeeribd, 
Material sytes" Child tom a vimiar terminology (1924, 
‘stim\, Cot Kyspe devoted a bok to the eomiteration 
ff the crasiam as a Evingsyatex. The iter examples are 
taken almost at random from tbe great mast of Ueratere 
‘WHED the feca ne Doon tnd Te ipicalion i, of tomae, 
‘heen vague, x04 thle is more expecially trun of the exer 

° 

















‘TRE VIEAL SyErEM ” 


he stanng fro beamed oh lan mph of 
. ‘© sap 2 
an por eeveptitioudy introduced ix are to bring the Bavoar 
ff exactitude to. subject hier Tegurded ob enenaly 
Ioeapable of precise treatmeat. On tow contrary, it will 
spear iy the seyoe! Gt, when wed with deo, the 
‘amcegt in one of real descriptive value both for biolgial and 
ter peycholtal thought 

‘Hearing in mind then the dscoaion of the lat chapter, be 
arquoiom may besa fo Beant arom tbr tan of rial 
‘recess, Wouding acho 0 mainain'& compos eters wer 
fenslaiiy chenging coniion. The tyson #8 fart of @ mors 


Smclusiue one comprising bth ie orgasm a 
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the exgusiam, considered, an 2 syste, lint precly in this, 





Wes eatingsishing Teatare found i the fact chat init stability 
is approximated by a highly efcest mechanism, which is 


statements thie may be repeated cantion which es wlzeady 
‘been lve. In thus detcrtbing the organism as  systenn with 
2 ely ierate maitenace property ng rtp fal 
boot grate geren pepe oe geet 
the living system ate so organized that they tend 
Kowards  oattain conservation. 1% not caimad Catt such 
statement, eves though it wee elaborated, woald fully 
fexbaut the properties of the organism. Soch a wuppodition 
‘would be wially mislading. “We do not presse to final 
ecrption any sore than doer the cenit when be call 
‘ortain ageregate of materia) particles calcum carbooate, 
the geometer we he says that the bec’ call is hexagonal 
Like the description of these and all other scientists, our 
account will valve simpication and a certain amount of 


i 
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lo”, says Claude Bernard, “the subordination of the parts 
to the whole which makes of the complex creature con. 

in the words of 





to whole better realized than ina ving copa —fving for 
S. Geeth the omnia welty B Seteoye. Ay ARSioUe 
Pctatenyocly remark, © dead Sager Ga fager only 1 
fame. ‘The reation of the living create to he bodily 
srocturs ia the whclegart Seton ar. esetones, TH 
trholcest ofthe organi, ts" uty “has een recgnind 
Byte cage fe ea ebiaes 
fedtuibily. PaySlogay, te pont ko Nes eaters 
by Sheragion (gt) tao eh oe new ecm by 
heh the unity ahead, and agun by ster of he 
“chod) uch as Riter ins took, Pho Uniy 
of the Orgran (0919), The wholes grote because tt 
Aegan i uractare, 20 that i conte of ferconnecte) 
tdzzonts, the onotenance ofthe integrity of gba 
being tbe elementary function of the nervous syste 
$oap P99) 
SCigin tckmen bo exatty Mstrated by ons 
embryologial odes that have lately been made, Coghil, ee 
‘ample hat made & detaled invertgaticn of the xiryonie 
‘eaterlsand withthe object ol careatng the development 
Gis bekavigur with that of Ra ervew spate, He found 
{@. 38) that "the behavioor pattem“, aa was perhaps t0 be 
tparted, "develope fa ragular order. which ig content 
STEN the order of deviopsent of the servos system ad 
{ts parts”, and that" Beraviour Geveops from te beginning 
{ctugh the progrsive expansion of © patecty intgrated 
fetal patton, aed the lntiveeation wit Ue of Farad 
Dettets, which acquire various dopeee of dbcretonms” 
Fare ix srcending to ogi, ceem prec integration before 
‘he animal as necro ayotem ata Tis efi, he says, 
sccomplsbed by raeana of Phytol gradients axe af 
{adualy neroning peso) activity within the crgeain, 
Fimo, be dais. a remeable fo tard as" expresions 


tank a 1 ur Chae Sharingan (C928. 
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panini eriinensse pre 
Seorusseoas ae 
gue i Soe 
fey le ghop ener 
Econ fa cay gc 
ered 
iinwesccmeeee woe 
meters eer iat 
feist ower 
eimetesacennecsos 
poetee nea ae eee eres 
mes SSS oe cee 
poh fetent deteg hte aid 
poppet ee brig 
eect te 
ara encanta 
Slike te wlilenes propery Ghractebe of alg 
FEES omen ery “endent 
pee tees comet 
ree eae Sareea 
eee ae 
Seer eee ere 
(partial) lving system in question. The distinction is recog- 
‘nized io popular ‘0d in the phrase " organism and 
Seer ee ee ese 
being the “ outaide” of an organitm, what bas been called 
pea enaie men 
ee i rset 
Baber inom ties aoe 
SVS te pete e 
aS eg traemetrat en eurta es 
Pie et et ig ere oe 
per ee 
ois pataaes ene me 
cS crane aoe Ley 
fmm ae raimmacrme 


1 Ferg diacemion of varios threes chrom the orgie 
bol, eee Beralaxty. pel, Oh XL Te te aot of oars bee deed 
“int tare may ext > rok « comple copusnn woe moan Dong, 
‘posetytnepentane peeas or” complenes" oath by, fr SPE, 
win portlaes. See Leva, 153. 
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of an arm, and in Avattie's exelent instance ofthe concave 
And conven she of «carved ine 

Te has bees pobnted out thatthe eeparatenes ofthe arganiam 
sud the environment ‘s achieved Sr spite of comtinal inter 
ange of enerey and material wih the ota wold, Decale 
‘what persists ap the erga iy more o ie amd within 
Sats of the parcelaity of te matte inva’, 
Certain writers have antibed sper popes to tHe anity 
ofthe ooganism, Thur tis often said to be " ior” to 
pute Kant, for example, lame that "The ae of the 

‘ode ofthe existence of each organic) part rexiSes 

TB the whe, while in now ving masses ach part coutsint 
‘hla cause wth sel" anguage ls wed by Ato, 
Now iti dangezes to cancers ceesall with he doctrine of 
final cause, which in the past bas often been datimertat f0 
scietite progress. However, with the propet fesrvations 
such satgents asthe thove do expe Fal fet, whieh, 
‘evertheem, docs not appent 10 be contin to the organic 
‘word. Tt is egitimate to ay tht the organi is "prio "to 
Its parts imamoch as the pars are éetermined by the total 
patter. Enough instances bave already beea give to oake 
Ahi eiar. Chis concep of wx ‘San exces 
example; one oiay Jgtisnately thick of the bebavivar of 
depute as big eerie by pace in ibe ade 
Sn the tame way. Coghi's work tready 

“acmiatat can of “ateatia’ A the whole 
cnpanis.” A similar physilogical dominance of the whole 
Shy be ten t2 Ue pracem of asimation of the Mgher 
‘guninna.” exe material is taken into the body, digeatd, 
24 transformed nto sobetances which are avedble for 126 
Needs ofthe orgasim ix general. According, however, ( tbe 
‘pect needs Of the toa) strocture in dificent parts, the 
immediate biological fate ofthis availble material i diferest. 
Ttamay become part of a lang cel, Ber cal, of of a race 
‘Whatever be the inupetiate tte of ingested material, however, 
isso isthe nena of She total organo that ae served 
‘Tau ingested crbobyatesaze spit ep into singe eager, 
which ar carted ino the blood seam, where they wre ether 
{nen izeily tothe acum ofthe body ox saved ax animal 
arch im the ier. Ta either case they altksately release 
2 Ti su Belo appeaas of Gv Peagbia deco of 
saneral bone 
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‘nergy for the general pesposes af the body by oxidation in 
the muscles. Similar ranslormaticns are undargoos by the 
other products of digestion. Tranaformation ‘of ingested 
matter takes place as local exigency dictates, the altimate 
amit being, bowever, perpetestion of the total patter. 
‘While, therefore, one shoud beware on tse whole of teleological 
explanation, yet there does sce: a very legitimate sense ln 
‘which st may be said that the whele body and fs need deter~ 
‘ine what happeus in the parts, and, in Kant’s phrase, " the 
‘mode of existence of the parts.” It may be & querton of 
phasis ely thts inva i the deence bere the 
teleological and wocalled mechanistic descriptions, 

‘Very tcllar isthe statement thatthe body ia ore thas” 
the arthmetical sum of its part. Like any otber aystem, the 
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ecaue ofthe fact that che parts of the orgnin do stand 
4 each ler Se a. seca sero of seuss in wtih the 
fnent oes aot tare. Yel the bing eta tly 
‘Sound up mith the mrnrocmest, and i tv dane wart 
sich af farlSably datinguabed fe populsr thonght, "The 
Sreaniam  exentaly capa of waits trom withoat 
ila fas wat are Hoowe a9 eda, ach a fod, ak, 
Ad air, which amv meuary for its ootinned existence 
‘Tees cht peidialy be tes ep into the rgenen fa 
arder to cnaerve le szuctre snd fo balance the corey Te 
‘ntinsoonly expends and syec energy ikem expend 
thing the prose of suing them Ee sme thea ol the 
term seen wl testo Savon of eabjctivca sod the 
Pet os gonoie; bot whe the tom ina. been rsnied 
Tithe pant, akin ach a way ato gives ecptiveepperance 
fealty to cain tiga und peyeiogal panama, 
Sette me pi a te sno 
flees apne he heey ‘The two 


pecans of 
Hig opin, faba end he et tha han 
tare tod tbe’ ae teeter’ give ¢ elt cae 
Why any treatment of the axguniton which conuiered it 2s 
4 ‘doved ot isolated. syotet would ‘rest of an. artfciel 
Abeuaction, and would do visiense to omental biological fact, 
‘The organiza is Rot "aca" from the caviccnment ; itis 
cootinvally In alimaulosrepense reatioodyp with ft, and 
‘cantinaally exchargen mater and energy with iC 
"Because of tis intimate organic elation it would, as Kehler 
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has pointad gat, be Slagitimate to apply to living procemen 


Keke has hoon to Tow fe the Wage od ead 
Physical system * (1929, p. 141). For the equilibrium to 





Ferther, evn mpporng that the euvinmental conten 
sree cmt eof aie wc reve cheved i th 
say anual, the so 4 jr canon why, 
Sit yatm eth oem secs of amg the eran shoe 
ane to a nate of equiltam cosscat wilh the polar 
‘hon tha rae a ieogieal tem. With! seca 
‘rove no reson wy aay bare ease aa, soul 
otro tl ln Ths po belongs enter sage the 
cain, wen wl be ade etre. 

Even ins jutibale mond be th aston that Deete 
the organs i ystem the cert wel take plce itis 
the Sen eT ten teen nt 

ion the rn, which sou cas Bog 
opine of ty Yr Oe Fres the ae tat Ot 
gavin ine yam ot ome to amet (at eile 
Sra be re-eabiha ina ving costar Sr, specie, 
Is penile to doce «grerlAseton fx egaie proce 
faz tat par tad of con wich see an ck 


Biological tervce 
The Tendency towards Saif Preveeation—And yet under 
aztnary ecm tn egal sr sty Swe 
recon "othe pecs cca win Inde, 
Sra iteme teiatica, und one by which 
‘we sharply diatinguish it from most nongarse aggregates, Is 
the fact that under ordinary ceumstances organic proces 
ctr ted in rman tte wl plied 
complex. Bllogy matt take at its fundamental working. 
lhypathnis the assumption that the ergani identity of a living 
onganiam actively maintains itself in the midst of 
fxternal crcumstanoss ” (Haldane, 2922, p. 990). From the 
Iambering resident of the prehistoric marsh to the mast 
‘Gruceul creatore of the air; from the chick making its fist 
eck to the old man struggling far Ufe on bis dent-bed, alt 
living matter shows this tendency to self prmervatioo—se in 
sie sue comseners, So fandamental is this notion to our 


2 Tuo Gatos pamage Poteriog See ceuecintd wear expiial 
ropoton."Leze virat et agect de tele site gon con 
tutzence prturbatres prevoqse Cn teu 1g cant on wet 
fappenilcompenainar ge dat eee € rpert i ome” 
eee ss) 
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fuaps legiioately be ted. by one who ceiguim is 
Triton "Sich ngage cama be’ ated wen ft 
cares any asamptin ar to the pricen by which, the 
‘omoe of evtation, te canon eeqed this rpeination, 
‘Sor speically when top int the mechan, Wad 
ranged by tome loractingtntllgene When wed. 0 
Hui the fact thatthe body in 30 rguized that precnes 
‘ovuring within it actly Co tend sn genra wd ay 
Srp deta othe costervaiono ike whole, avid 
tepuotion of argc prom for ope omeevatoh 
tine a conc 
nT been recgiaed oS wnocecatended foe by mands ot 
‘any centres ender ch, terra a ace and 
fe esto Le Dantes eal dacrnes have been 
a wrt nae che wo zea 
wots the twin of nate Keo phyuologaly a 
tral as nviurtly. We are at conorned ah ihe 
eta of how the erin elects thin Diection ots aon 
towards the cousrvation of the orgie pattern? a fl 
‘esis och da weld ty a 
in blogy than we have xt prevent raced. Kathc it the 
Principe be acpted tx a foatlate the intimate mechanism 
Sieh wiki w hoped, Ge graduny ini bare ur sega 
mach prgeenen 
Te bas bon een that this Direction toward preervation 
othe tlh comps, wtich meat be posted forall Bing 
‘ietences, not deduce from te fct tat th gas 
Beayrcm. ‘Spel xpuisation mis hevface be powtlated 
to ebece Al Tring systema mart then be comadered 0 
fave euch special orpentation that, in cotoging enzo. 
Tent and tren ete condition, compensatory proces 
‘over leading towards an equibram or coetan ae mic 
Steeernivect ineyaan Hany sores ciples send! 
ha wen Sr mek fhe Stet hm, whew sin 
esate wget deta ware proce be vaio peat 
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‘with such organization, it will in general survive. Such 
erganization bas then biologeal sucvival valna this, again, 
‘beiag emphatically not deducible trom the fact thatthe 
xganiam is «eyatem. It aay be pointed ext that an aggregate 
cof material particles forming a living wyatea wil srvive for 
‘certain length of time as a material conligeration after death, 
Jas enaued. Sach constancy is, bowever, cnly a small part 
of Mckee serv, is the same way i wa some Hat 
seabllty a ‘or other incrgunie systems 1s not 
aca rm te tat that the aggregate gustion ih 
system, nor from the same fact can we tell whether the 
chemical system follows Le Chatelie’s rae" nor whether it 
‘wil function as bulfler soistion. Tn general, exch 

yates at are to be observed actually o exhibit the eon- 
servation tendency toa very high degre, and thus are pomtesed, 
‘Of organizations with high biological survival value. Our i, 
after all, an age-old world. Tt contains not the brand-new 
peg pllongiepebopered 
many thosands of years o evcuinary war api Mn 
‘ment and against of ‘beings It exay then be expected 
to cotuin preduminanily thowe spaces which are interually 
so constituted that Une direction of their organic events tend, 
{0 the comervation of the individonl living system. Such 
conservative direction wil thea be postulated in what follows. 
‘We cannot, we have seem, explaia is every casa ita mechanism ; 
thee rvs opal. or a we ape Bo 

for that isthe province of Molegy. Tt 

However to be found where’ te i found: "We an 
ccharacterite protoplasm as a regulated chemical system of 
tmich a kind that disterbance of the normal structare oc 
compenition at ance determines corstractive and reparative 
[processes that tend to restore the normal condition ” (Lilie, 
3910). With Haldane, we aball take the property of biological 
conservation a5 a fundamental hypothesis, cecarnzing that 
the portalate cannot be deduced from the fact that the 
exganism is a system. We shall assume, that is to say. that 
th arganiom ia a system of 2 specific nd, the interrelations 
‘of which are such that, fa the presence of factors that would 
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etherwise make far compenastory organic 
fie pled nak tent Soa Golo ety 

‘The Orgawiom as Heinisining a Patern-—Now it Nas been. 
sean tbat the oontinnad identity ofthe organi i independent 
of the particularity of the matter corpaniag ite parte, What 
{a moninained is a pattern. Aristotle might say, that organic 
constancy is one not of matter but of form. Th more modern 
limes, Tondaentally the same thought has been expresed 
in chemical terms by another great ecentist, Ostwald (1903), 
Hle points oat that the exgansam sbould be contrasted with 
onenganie stractures ia that, while the latter are for the 
‘oat part composed uf substances which are chemically stable, 
the ofpaniim 00 the other band ts made up of eabstances 1n 
Sontizual procese of change. Yet its chemical compostion 
‘eanains remarkably constant, tbe same compoondie persisting, 
these being. however, formed out of a fresh set of chemical 
particles, “Thus in ‘general the energetic conditions and 
chemical cosativution of tbe organism rernain approximately 
‘the sume, this cesalt being achieved by the utilization of 
‘utide sources of energy. which are tranntermed by the 
‘rganic processes io uch a way as to leave a certain amount 
‘of power at the organism's dispasal. From the chemical point 
‘of view the constitution of the ceganisn with ite constancy- 
‘nflox is described ax stafonary, in contrast to the mable 
tonstitution of mont inarganse ferran As & parallel Ovtwald 
aadduces the example of 2 fame, which remains constant in 
‘patil and chemical (or, while at every mcenent new particles 
iter into its actual cempesition.' In this eanstancy of 
‘chemical constitation with change of actual enbstance we have 
‘an instance of the contrast of form and matter which woald 
have delighted AritoUe's tart. The contrast {5 well sch 
in the instance of digestion whic has abveady been given. 1” 
Afiatotle’s tecinology digestion and ausniation would be 
‘nid to give the form of the organic body to the matter coming 
into it from without, thle in Kant's texas the cxute of the 
‘particular mode of existence of any such piece of exterally 
fntrodured matter Bes fn the whole, for the final fate of azy 
Dartlenbar particle of ingested matter depeads uped local 
‘xlgeacles as deterinned by the total struct. 

‘Yet ergutic pattern should not be thought of es constant 

1 Tha whpoct~ canis me ten a ad fo tral the ne 
pat, eg by Hey and Cover. Ser Mart vol IL ego 
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s 
hrougbout the individual's Metioe, At no period In the te 
of say living crashare can we say: orgerieation and the 
patterned parts it prodaom are evacthy as they were last 
‘week, the day Defore yestehry or the hour before last. The 
lementary facts of growth, maturity. and senescence show 
fa gradual alteration of bodily organization; the patter at 
‘any mornent is a incident ina fe eyete which ls under normal 
‘conditions and in its general leateres appronitoately the eacie 





question whether the condition of w living organiem is ever 
‘the sarge after the action upon if of an external factor a8 it 
was before .». the reactions to external factors very comm- 
aly cot in ere oem permet arto of tht 


nga In some way rather retarn to the pro. 
fang cman.” chad pce to nk of Ye ig 
‘cpu an erent oui, 
se equtlam Sgily meciyog the pate. Hc 
‘alunble contribution to bave pointed oat that organic, hike 
Tuany cases of inorganic, equilbeum tay costly change 
tts evel This change may come with ative widdeores, au 
in the case of trunsporation fo igh Wuitudey, when the 
alkalinity of the blood is rode, ox by continued imation, 
ts appears 10 happen in the cave of ordcacy devdopment 
and senescence, The changing aspect of organ patter ts 
‘specially important when conaerig wich robles ef farm 
1S those examined by Chil, the develope of the indivi] 
being here soem a3 « verns of modifeations of pattern. It 
‘ust not, however, be allowed to Bind vs to the fact of 
fscganie constancy. For whe trae that each change of 
fondiions bringr about a fesh organic equim, yet tia 
peal kind of oguician, one tat tends, vader oormal 
sSroummtances, towards the conised extenze oft organic 
Datters as was before. es 3" ological "as contrasted 
With «." piyicn-cheaeal” ager and ie condoned 
Dy the internal organization of the ving sytem 23 wel as by 
{he characte of Oe environceat, 

‘Nov this disiction is mpertant fo the sadertanding of 
the ling system. It may be dhstrated by supposing & 
particle of matter 29 fall cx the oye of a higher orpanian, 
[Tears are ordlarly soxtted ad the foreign tatter washed 
ut Le tis Sit deface is not efectve, other means are 
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‘case this does not happen. Even in grom cases of modifeation 
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Temovad trom the continued identity of an inert thing, o€ 
that of many of the simple systems considered ia the lant 
chapter. "Not identity of matic, noe Sdewty of form, elves 
4, but a spatiotemporal unity of devaloping and changing 
‘form; we may say that the gradually changing pattern of 
ny organic systex ix « single long event, conditioned by 
‘external change, at Gie me fie raguated from within, and, 
taking place, a3 do all events in our experience, ia our 
dimennions, three of space and one of time, It i this long 
‘event, this foar-dimanional unity of patters-prooess Occurring 
‘i definite relation to the enviewnmental Aix, that exables 1s 
‘with propriety to speak of Phiip drunk and Philip sober oo. 
the morow. From such a transcendentally wriSe complex 
‘we find ourselves in many cases abstracting; 40 that we 
speak of the organism as if it were a complex of particles 
‘niSed by relations which are, at any reomest, soch that (orca, 
sand fonction is in general preserved and ‘x conservative 
Aivetion given to organic happesings, Thie will be to con. 
bine, as & working approximation, the cider conception of 
‘egalation, according tD which the orgasinm when disturbed, 
Se ek ot a Dn aa 


"Furdamentliy, herser, the cnganiom a yal 
cana or lojpenage er Ma of mail fare, 
fv contrast to Victorian scence, whieh cousiered the enverve 

kimately to be compoved of indestructible things, modera 

delence teats the world as comprising process cr event, 
in the procading chapter i was posible, by making, the 

‘aavestioal abstraction, eo Uaratecerain general properties 

ot he system on the tit aasuption Dat the eemente of 

the inorganic apstam ara tneedimenscaal particles ‘not 

Involving the finn dimension, In the case Of the living 

system toch abstaction, though offen convenient, ny enly 

feud to ere, Tes ar all te ementa!(o rovomber that 

‘he organ in way of intralaad event, «single rtcte 

lomplting inked recente 

Specie Subcitiary Consens in the Higher 

Wie he gn nr bcs erred to makeing 

‘without specifying the neceuacy ‘sechanian involved 

Tuuryation which has berm seen in the last chapter €9 be 

paral co ope made by tbe scence of thermodyanmior yet 

Se CB, sk. 
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hare are cata ists fren by modem physllogy which 
‘will enable us to obtain « gisupse of the method by which this 
{Eyanic dracon ln masts The high ling elas a 
‘Se orgevisad tha fe addition So the groreh bodily idegriy thy 
imeinain oa roared oom lest larg mb of aie 
tonstana, ‘Toe plat was font made by Caade Bernard. That 
Geat_and highly cviginal physciogit aimed that every 
Tighe organten live in two excronments an external and 
tt tral one, the latter bing compend ofthe fu of the 
ody, and in particear the Bota. Toe internal enviseament 
tay act oper the body equaly wth the exter one, Vig 
i fuae appearance of spontaneity fo the exganism’s bebaviowt, 





Dut the external enviranment which is ender oor eer. Thus 
‘we ar able falsely to bekers that there resin in the Ui 
boing vital force which violates the physico-chemical lar of 
‘he general coumic environment” (Claude Bernard, Le Science 
& si pz, Im andr that the delete 
‘hanical operations of the body may procead, this internal 
fenvieananent unt be kept constant. Tn fact, the maintenance 
of this constancy is, nerotding to Bernard, the all-important 
besinen of the body. It is the fy of the milion atrieur 
‘whieh is the condition of free and iztependent life .. all 
the vital mechaniams, however varied they may be, bave only 
ine abject. of preserving constant the canditions of life in tha 
Internal envicoument ”* (1878). Haldane, who bas adopted 
‘this conception of Bernard's, exhitts specic instances. He 
reports that when large quantities of water ware expat 
‘mentally drunk, mere arine was secreted, containing, however, 
eae sodinms chloride than usual. The blood had been sain: 
tained at the ware valine concentration and valume, T¢ the 
‘unual supply of water to the body ceases, the blood volume 
in ncrease out of tho water reverves, Simlayly, the ereslation 
‘ate i adjusted fo tocure an approximately constant blood 
Compoaition at any part of the body, and a2 approximately 
‘conant tension of carbon dioxide and oxygen f the Blood. 
‘kept constant by means of the 








whereby the percentage of albuminoas substance Is opt 
Constant, Despite external variation of condition or severe 
* rote Casaoe' apace, 
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[EE on the par ofthe cmnom,tecpeatre sept constant 
‘Within narrow limits. Even thoagh the hast 
The by Snreaed ox: r lhe, tha tperatare ofthe 


‘dreulation, and similar changes take place to compamuate for 
aiteratlons of extemal temperatere. These is, futher, & 
‘uecheninn fer Tegulating the formation and destruction of 
‘ood corpuscles (Hakiane. 2917, Chapter 111). 

‘Thin rraintenance of body constants i treated more 
‘waztly by Cannoa (xg20), and ealled by hi homaatuai, 
flthough be expremes iimaelf as not entirely satised with, 
the term, Homeostasis is ove instance, perhaps the key 
{mitanee, of the " organism's capacity of retaining its intersty 
‘in spite'of ceases metabolien,” to use Thomscn's phrase 
{1g20, p. 101). Cannon's list of bommroetatic categorie it 
1 follows 
‘A.—Material Supplies fr Cellular Needs. 

1 Material serving forthe exhibition of energy and for 

giants and repae—gacne, pote, fl 

2. Wate 

3 Sodium chorkde and ether inorganic constitoenta 
‘exonpt calcio, 

4: Cakinz, 

§ Onygen 

6, Internal secretions having general and continuous 
elect. 

‘B.—Enwizonzental Factors alecting Celular Activity, 

1, Otmotic pressure. 

2. Temperature. 

| Hydrogen ion concentration. 

‘As 4 typical example, and one which has of late attained 
‘considerable importance i= biclogy, we may take the last 
fof these constants, namely, the Bycropen ion concentration, 
“The blood has a remarkable power af maintaining the alka 
nity-acidity eelation within the very nazzow Emits outside 
‘of which the component cells cansot Ke. The narrowest of 
hese Units may be appreciated fom the following coa- 
siderations. A frog’ heart dies ifthe aids creuating through 
it change from the normal condition of appronimate neutrality 
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o one of vary sight acidity. This remit may be produced 
(by 8 degree of acidity so sight that & cannot Be peeived at 
aul by the delcate sense of taste and & hardly detectable by 
‘te litmus test of ackity. Such a solution may contain 20 
zoce the four parts of hyrochleic acd in hatred millon 
Darts of water.“ Changes In the concentration of hydrogen 
eos amounting to ew then anetenth of this magnitude may 
‘eodice profound. even if nt iste, flac on many ving els 
(tche, 1923. p. 157). order, then, that the body may 
‘be kp is normal good health, the aciityalealinity eq 
sium of the Dood must be preserved within amazingly narrow 
range of variation. This result ls eflted by a complicated 
bet of” butler” reactions, of which the two chief ae elected 
by & bicarbonatecarbon dice spate, as described in the 
Inst chapter, aad « phamphate oysem. So ecient re three 
batter reactione in the blood that ic is said that approximately 
‘bquart of concentrated ‘ay be poured slowly 
into a volume of blood dhat of a man without 
fappradably aflecting its seatrality. This exact and powerful 
‘mechanism for maintaining « bodily constant is typical ofthe 
(geal ectiy ry ota ogni fore ad 

ction i atained. 

‘Now the butler soltion of the laboratory does not 
even in theory, an abvefutey constant acidity «| 
He rather dimicishes to a reamrkable cepree the change 
‘prodiaced by the intraduction from without of acid or alkali, 
‘his result Being eflected by the chemical law of mass action, 
1 the curve of increasing ait i plotted against the amount 
of acid inteoduced, wach a curve annum a seid ot § form, 
teing rapidly at fee, nearly bot not qulte fattening in the 
fuldate within the butler range, and again rsieg rapidly after 
the builer range bas passed. But to take an iolated batter 
selatlon aa In itselé typical of what happens in the body 
‘would be to commit x false abstraction OF course not one 
Dut many saochasisas cooperate is the body to produce & 
Inet city whlch ea practice exediogy conta der 
cocitions that, withost the requisite cxganizstin, would 
take for change 

Let os retar, after this example to the general consideration 
of Cannon's paper. His great impectance is to have made 
fxplct the constant aspect of eximal Ue, the crguication 
fer constancy wit the partial eystom thet isthe body. As 
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s0ch if in of great importance not any for pyology bat also 
for the study of organic behaviour. Te is writen with charse- 
‘teristic sient modesty, and should be cad by every ations 
student of the reiztons terween Dalogcal and the payeho- 
Togical phenomena. Not only doc i eeibit in ach greater 
detail than bas belore been attempted the pictore of the 
‘organism ab a physial sytem tending to maintain a pattern, 
that it makes pombe the beginzing of an objective deseription 
of certain biological facts which bave hitherto necesarily 
‘bees described im subjective terms. I eler to thowe facta 
foc which the terms " newts” tnd” purposes” have some. 
‘Sizes boca asad. This snot the place to repent the angursents 
‘hat have been brought (eeward in the last ten year to show 
the (adequacy of the reflex conception of Dllogial action, 
Ju geoeral it a claimed that some more flexible conception 
{Bat the lly mechanical redex st be employed io expe 
the hig adapted phenomecns of action “ ected tomuds 
Cannon's pape © table tap towards car 
Aderatandig of ow & fete comepton of gue ation 
Spiga pole Smt deta an ng, Be 
ae but 

the geal cease vers to be fail lea 
‘Canaider, for example, what happens i the arsal supply 
‘of water to the body ceasen, In this case the teed velume i 
‘preserved from the water cexcrves, tainly to be found in the 
fbeutaneoos tissues. If this depletion cootinses, changes 
take place 2 the mivary glands and the throat, and. sab- 
jpctivey thirst is fet.“ Thust .. . becomes) more intense 
28 the disturbance of homarostais ix more pronounced and. 
‘obeide(s) promptly when the disturbanon in reeved.” 
tmam open system, such a8 cur bodies represent, ompoundod. 
of unstable material and subjected continnaly to disturbing 
conditions, constancy is ic itself evsdence that agencies are 
icling oF ready to act, to maiztai this constancy " (Cannon). 
One of the agencies ultioately at the organism's dsposal (or 
{his purpose is locomotion of tbe entire system, ard under 
satura] conditions thst & ordinarily followed by focomotion 
‘which omues when water is found. "That isto say. a thinty 


1 Per a pepeetiday emery of fhe argue the rade astro 
tp Gage RU ot Wino Sine Petey Gr Va) 
er plenfor the conception of" pucpome "we MacDev 

of Payehlgy lew Werks 13. 
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eevee 
ek ce rg 
cae aecceee Sian 
Sev ice anees Seen ee 
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lected by « chain of mechanisms, which are at present not 
eee ee 
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ach the same can be sb of the fod earch. roan 
‘vague maintenance i e 

the food eeaeh. A cha of events fas pace of which 
‘raenta) Vink it Yocomoticn issuing in the ingestion af food. 
‘Another link in the chain we know ¢o be contraction of the 
stomach, when, mubjectively and in the buman being, hunger 
{is fet, ‘This contraction is either regulated or dizecty initiated 
Dy harms stimulation ' Howe, 1927). According to Carlton, 
Ibnoger acts by increasing the excitability of the organism to 
exioragl stimulation, There is defite evidence that the 
movements of the stomach, which in the human being re 
aezociated with the sensation of hunger, ate correlated with 
increased organic activity, though whether o act beth are 
Aetermined by some prior factor does not seem to be settled. 
Thus Tomi Wada (iota) observed aman subjects dering 
sleep, recording bee: yeomach contractions and the periods of 
‘entleenees. ‘The sleeper was found to move ooly during the 
1 oe the sine being (be cera nd tical servation i egited 
are partipate wees factors ag “bab, which wil be emcee 
date. "Pox a leering excple of te regulatory machasien of Oo 
‘len ln too the Peper of Pl, Spe 
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ost extensive movements of the stomach. In the sme way 
Holdyrefi also was able to awocate the periods of apparest 
* ggontancous activity” of an animal with the periodically 
‘Suctuating activity of the stomach, the small itetine and 
the pancreas and other digeative glands This connection 
cf phenomena to which ae olen applied such ad hoc ferme a 
" spontaneous movamants "and “ resem ” wilh 

‘which are themselves istimataly related to the conition of 
the blood, is « reiki Uistration of Claude Bernard's £fty- 
year-old dictum.” We suppres in om explanations the 
internal envionment, which we do not be, i order to con 
sentrate our attention exclusively on the external environment 
‘which i uxder our eyen: and this enables ts to adapt the 
{aise elit that there is in the Living creature «vital force 
which violates the physico-chemical laws of the general 
Couric envionment "(p36 Su.) Wika thes, we do oot at 
rctent know in all details the pact which the hemaoetatic 
Cenatants play is initiating the pecodiel aeasch for food 
‘Which in 90 characteristic of the higher animal, we Jo know 
‘that these factors are as u matter Of fac kept constant, und 
(hat one link io the chain of events eBectig this is rdiiarly 
a caazeh for fod. Thun we have en objective basis for the 
powerhil "drives of banger and thist, and. (or many 
Siro sh a ests ee nse na 
oF" pasponive "; fo, a8 has repeated’ 

‘when hunger at movement gos on wt foe i geseral 
45 found, or salt oc whatover it ay be. Thos the Living system 
{6 40 oxganived that i actively tends to preserve what Tay 
‘be’ described. a8 3. ntumber cf Subsidiary py chemical 
constants, subsidiary, that i, to the general integrity of the 
‘organism, These constants and the systems by whieh they 
{Me maitalned stand inthe relation of arta! systems to the 
(ota) system, the whole forming a hierarchy of interrelated 
systema, 


1 mae widen on thie pint bee cect by WY J. Cre. 





CHAPTER IV 
‘THE VITAL SYSTEM (coutiauad) 

A the pata are aBecied together, Everything tin winhepet 
‘lain, ands pet by psy, te prt each part operate noord 
er acta” Oppocate oo Sates”) 

Mechanical Egaitibrinm.—In aAdition thee is one constant 
‘which has not yet been discussed, namely, that involving the 
smecbanical eqatlibrium of the organi with the enviroament, 
TU commonly stated that (9 the higher animals ndaptation 
‘to the environment is effected largely through locomotion of 
the whole organization, or movement of parts of it. The 
peckaniam by which this i eficted ix Ue higher erpuaiess 
in naualy called the " rctor syntem”, and in constituted of 
‘muscles which work upon the movable bones of the skeetat. 
‘The motor aystem receives ite energy from the blood supply. 
By its action this aids ia procuring the eapplles of matter 
2 enegy necensry fet the contined extnce and 

tanctioning of Ove whole organism. Whether of itself t may 
roBiably be considered a " system" in the senge of the last 
chapter is perhaps doubtiet Probably it and the central 
Iervous system sould beter be cluded 28 «single ayntom ; 
bat the point is here Gumateral. More important it the fact 
that there seems to be a mechanism for re-entablohing the 
‘mechanical eqailibeiam of the body, srben this hat Doe 
laturbed by the action of the skeletal masses. That i (0 
tay, in the mechanical equilteiam of the exgunis with its 
‘environment we sean to have a parallel to the other bodily 
‘constants which are preserved by 2 special bodily mechani. 
To order to show this we must fest take into account « 
fella f the eng Syem wes Bas only Society 

Tag Orne 65 Liking Erngy~Tha ergs bas at 
‘te ispoml eaves from ‘which ere berated the execyy 


A seeag Martin otra 
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neceaary for the maintenance and gel displacements of 
he aystum. In ths aby to beraveenegy it ie a Mop- 
‘watch cr a puline exgioe ox any stsuming ayperate, 
‘which sleaes ore energy that expended to tart Se and 
[Sunt a machine that has fo be woteed by hand ce by an 
Cutside urea of power, such as the conservative mactaical 
grec tated fo mockankc | Conder ter coopla, € 
Bictoless pendulos swinging in a consiantgrevtaion 
4,” Granting these Weal Contitons it wil wing forever a 
dfynamica equllbefum (orate state), providlg an example 
Ola" reveruble” poanomencn. ‘Sache condition Dever 
fealned fr thee ave alwayo agencies tending (0 beng the 
pandelir to vet. 

“But its gee eary to arrange a pended that wil ccatinos 
in a of a nt gw we wh Tare 
eect  cecgy tothe sytem 33 t9 compete 
{or that tretslormed by Wictonal aguncien This done in 
the etc pendafom, fer example, by caning each collation 
to clowe an slectne eee, thes sceatng weer magnet 
‘hich gives the pendalum a tog wucien to keep the motion 
Constant. In the way the energy ofthe Caciie cell aay be 
wulaed vo mainain © dyramse equlltefum tn the pendu. 
The init pendalumoageet-cd, ete 8 wn a system 0 
aputsed thet 8 conerve un entre by mance of cuey 
{eer intemal tote nate ite, Tn thsi oer a paral 
fo living crestires, fr living ayters are Snivermly ch 
that they employ lnaceganie sources of enargy to manta 
the eanservtive eqlbisin type of le Teie a taznmal 
fs lape ara tgher texperscure than the sxmcunding envron- 
eel by tana of the craton of warns fod svtzneat 
Within the body." A'burwing candle whowe wick & veplied 
{With rated ft at che ame rate at wc burns, ofa bezaine 
olor which regulates ts nai suply by somans of ball 
govern Io auch way Cat is vecrdty remains constant, 
Sis exacty the sume property asa ricg expan, 

inthe stro wy the egy atthe pont) ofan crganian 
atsturbed by a0 extersal change of eomdiins—a simolso 
‘not derived tom the stimotis Bat Mew lua by 
the latter from the itzaayctemic reerves, and may indeed 
De oat of all properton tothe amount of eoegy invlved 

> ovtwat105 7 ne Heat,“ Det w dono put Gi 
ss tsa opines bene te atone a iP 
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‘the stimalas. When tse hed of awine “rushed vislently 
dawn x tte place Into the #28” one may premume that the 
‘energy consumed was far greater than that of the stimulus 
‘that started thm on their fight. When Launder aw the light 
In Hero's window, the amount of “werk” dons by the Yay 
of light upon the retinas of his eye was infinitesimal cormpared 
to that expended i= che fatal wim. Soch release of energy. 
takes place (hroughout the whole length of the refx arcx 
involved. in semaory, associatory, and moter, neurones a well 
tin the muscle, od replaced frm tbe cage laces, the 
Process of repleniahment occupying « tine interval of a few 
housands ofa sand and 5p. 

‘The existence of these intra-systemic energy reserves at 
ence gs a problem. When the tial, by ts ge te 
‘action, las initiated the release of additional energy, what 
‘etermines when the process wil stop? Im order to start 
such a machine as « steam engine, the starting lever mest be 
moved. A certain emoust of energy 1s expended, « certain 
famonnt of work dons on the system, with the tewult that 
‘A soueh greater ameant of energy in made available through 
the working of the machine. But ales the engine is chut 
off, the proces: will contisee ntl the available energy is 
cethausted, oF utd more work is done on the aytters 
‘the outside to abet of the lever, that ato say, to €or it back, 
‘to its original position. Tn the case of organic stimalation 
gun a certain amount of eoergy fee to excite the 
vcepter and thus to release a relatively lange amonst of 
exganic energy. Bot the diftcence ia that this release of 
eneigy ordinarily ceases In the organism long before the 
‘exhaustion point, and without the expenditare of ey more 
nergy from withoat. The steam engine has to be started and 
‘topped. “The exganiees haa to be started bat appareatly stopa 
tse, af Teast under ordinary cireamstances. Tt it clear that 
{tia not enough te say that when the stimu cease, reaction 
faturlly ceases. For the pressure of the engineer's hand, 
‘bleh is the analogue of the slimelss, may have ceased and 
‘yet the engine continues to move. A stop-watch, once started, 
‘will ram dow andes i i stopped by work being done upon it 

1 Aa eo have men, che reting copie ie comtounly vlcingeneey 
(or the pepo oer great maiecraner "Thine tha ony een 
‘he tamd ecabotem” A icine Sterne the late of el 
‘onal nergy which ese in Debaviat™. Thiol bereft seed 
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to prem the baton. Whew child wil “oc tomar” the 
SEG of ¢ sous and when the wand stops vil almast 
Eiedtaly coe to" pay atenticn” to The simian 
trl nate costey which ned to change the chs pote, 
Tue th penal, proces of encgy micare cous cost 
[mediately when the" wimslan” eae. 

‘Now it wil throw some light open ts poblen if we fost 
conan cori stances where tee checking mechan at 
fren ntically rendered inoperative. eavng enchecked the 
‘xgane prover ol energy recess. Thes ucciraing to Bethe 
{bh crab Carve moma, when depeied oft Sir nervous 
ents, wll Continos to cat ii ie stomach barat, Tait 
fail nating fo ined in the fect aca by the 
Feoved oaties, Secha matted tial can yet ing 
‘oomutelive food, whch  repa Tt ahcud be be pented 
dt, ag consimatary of what bas frevoualy Dee sit, (hat 
{hi motinted cb boil « ysem, bot oe whic, when ite 
Alstarbed by Uh food sts, doer aot come t0 2 bloga 
ff cootwtve equltam.Uqullbeam, inde, thete It 
sitar the anal raga bt nok obe which willbe of eny hip 
Ltslogialy. ‘Thar sgt fra the genera act tthe ving 

cr, when dato, eames to a squib we ex Lok 

Tit tlp. Tho Hind of eqs ast be pc. 

“A oarceampe i to be found in many of the felons 
fatty rds Cleytrsee ase ecg tao oe 

‘ me nH 
‘tvakiog ton ther wie Geep, They cre, that fo ay, 
{2'the dreion of Ugh. "This beetropam ba for tarot 
2 real survival value fr drive thon tothe tp ofthe sab 
‘wich the hore’ and thn eran th to Sd the ong, 
‘ew spcng leaves if, however, thy ar pet kts tat aber 
inpuch a vay That the foods behind then andthe ight in 
‘Son, they wt rcve toward ty window end and way tre 
Unt ey tare,” However, having coe Se he xerplare 
ite thie potiveheiopine feey can ten coep i Sa 
ection, od conseqensty Gay move downwards fom the 
top of he dust the eave thet Save gown Ls the mesma, 
eatrpicy that bave eaten are pet de by se with thee 
{at have ct eaten in swo dat tobe and exposed to Het, 
{he eter raed towards he ght Sd stare, whe he foe 


3 Bete, 07 (Hempel : 
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[Now it if be toan that the energy relessed by the incidence 
of the Ilgbt upon the caterpilar wet arach greater than that 
rvocived fram the light, bat abo thst this procm of releane 
‘would have continued indefinitely until ether the erpatic 


‘bat the reaction is abolished by feeding the animal cn Cooked, 
Dut act oa raw, potato. ‘The eect Ib apparently doe to the 
anger adsorbed during the digestion of Cookad starch, for it 
‘an be duplicated by the injection of ugar scheticn.” During 


i 
i 
i 


Sow 2 dip of ths toe cot out Sn the frm of wing, # 
punt of whch is simlnind a contraction wave of mste 
Rise in two rection sound the sing i the two waves are 





Fluding uo dst tots farther rogram bapa ourtey 
lagu, tnd tay be made to travel SimowtLodedctely round 
‘Tm ove inverguta Kept sot thee mops tapped 
ot in err o 
avec ayn and while there wad D0 aypatent sowing dows 
ofthe speed ofthe wave ts wapltode id diminish owing to 
‘eal iia Dg tt Une, af a ater ly 
of over forty sullzetres a minate, the wars of 
Derwoun impaise with the comequest contraction tuveled 
four iiadret and itty seven mils, ‘Sacb erclt waves 00 
‘ot ear under nara sondithors, tr te crgasian contains 
al the means to preven them by eu exnceliation 
Stevaven”A sindlar phenomenen tay be ariéealy gredeced 
en tte, and bers agua 

the onpanaation of the bout prevents thi frxa cecuring 
oder uteal comdtena.” Hee, then, tha tine By the 
Sticialemploymant of az extera) sms Yo ren to #2 


E 








found in the higher vertebrates in the postural rsczes, which 
are originated In the proprioceptors of the muscles and keep 
‘he appropriate volantary muscles in the sight ate of tension 
‘which is necestary to maintain physical attitudes, though the 
noch muscles of many lower forms cax apparently remain 
in 4 sate of protracted coatraction without cootinvous 
expenditure of exergy. Taese contingows sight contractions 
‘Producing postural attitudes are entiraly parallel with the 
Iifexes By which overt movement ie produced. This last 
Instance while not 20 spectacular as those previously given, 
3 Racy, 2903; Maye, 2908 
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hows baw omtiovous relma of ammealar exergy actualy 
iv employed fa the ecomomy ot the body of the, higher 
cxyerinns? altzeugh te probability i that « emllmuous 
sBinalon ia bere invaived. 

Ts ow char thatthe cewation of movement sther with 
1 continaoasstinulus or wath one af brelCuraten should tot 
be tke for ganted.” When movement ance ited, there 
4 0 «pri! reazon why Ie should stop belore the belly 
eserves of enerey are exhausted, And yet dally experience 
‘oes of oan, thew that cganic rmction arnerly ceaset 
iefoce this stage The polnt is thus sated by Sherrington, 
with releence fo relex action, He is speaing othe procom 
ty whieh, throngs what & called spinal tadutin, the excl 
ent of telex tcods to favour an opposed veer.” Ths 
‘would belp to explain how it Is that a fefex faction, when 
‘nce excited in & spinal uaimal, ceases on camation ‘the 
Stain a quickly at gemeraly dvs. Sock a reaction meat 
aerate into progress a marber of farther wzall and throw 
Sep ceo cpt ieee Fes mg ss 
a eats ito the scl cord. “Sgeming of monde and 
‘Mimolatioa of thet afeent nerves and thowe ef Jost, ete, 
(it redenes. The primary retex movement might e expected 
‘herloe ofl to init further rox aovezent and that 
tecondarly to tnitiate fother stand wo on. Yet cco. 
toa ofthe exteral stimulus tothe fot inthe Sexi reiex * 
the whole eiex comes usally af ence to ax end. The crateh- 
reflex even when vichotly provoked. causes wsually within 
{bev soon of the dlscomtineance of the external atimalun, .«« 

We bave ab yet no alactry explanation of thik Bib 
vee remember tit woh races are itercarrent reactions 

in ona condition of neural equim ital ral. 
The suseesive faduetion wil tend to sce a compouatry 

which brings the moving parts back again to the 
{ginal postion of equilib." * Hece wgain the fac 
Soted tbat, once Liited, a moter reqponse might be expected 
te penistfndeteitly and int given as fo the mechani 
Dy which this Biopial ubardity & avoided fo this ce, 
1.5 Hate as made an inguin epptcaton of he cout ot 




















coitendbly sets the stage forthe initiation of the sua cycle 
‘The nervous impulse travels round the ring untll it reaches 


in fhe moving structures, apparently provides by itvalf the 
‘unas for w fcther reflex; and in each cage there must be 
fumumed 40 ext Ja the organiam 4 speciie mechani 10 


iy exes 2 uta general proviso forthe cectng ot 
‘epee W's wal of eran Muny fate ssa 
fo conte to the eet. For example, mechacueal ote 
Chios ce da lowe preted men we 


to continue to the neck twisted 
feudal, Thran we tome do Aare ert 
the pouibiity of such mechanical and other scllar brake, 
‘tamed te cme Camps we as pst ong 
int te place 
cut the body after the sisal has ceased, and. which in 
affect do for the reacting exganison what the engineer does 
‘when he whuta off the engine. 

For not caly docs the organisa as a whole reach a con- 
sacvative equilbrium after dsterbance, but tbe same result 
a apparentiy.ockieved in every struciare afiected. by 
timation, If, after the stizules tas pased, the part 
‘flected were again brought back to the orginal pre-stitlus 
sate, thm, extemal conditions Being as they were before, the 
gp of eteny would mie othe prestige This 
‘is what actoally appear to ba 

Conder the senty-tactor te before station, ere x 
4 chain of steuctere all in soufual equibrium with each 
ther and surrconting conditions. When the receptor 
stimulated by the incidence of a very small emount of external 
energy, each structure of tbe chan i progressively disturbed, 
until the mnsce is faally activated, rdansing cacey DY is 
outraction. The recaery.procnn of the Serve Dus beet 
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4 Brat bt second ealy ta 
‘phase, wile, later, impalses can pass bot at  sub-nocmal 
Itenity. Lastly, there socceeds a” supemarmal” phase, 


eestimulas sete, 
‘At the saroe time there has appersstly taken plaoe a wine 
process of recovery ia the receptor. Let us take a simple 
example. A frog, et us say, is fastened (0 « trog-board with 
Tianging free below the wood. pinch the rmaucas at 
‘of She eg, when both Tag are nwa up ad then 
Bommel, The reex ar wak oily in btm 
by my pinch] tave dura ths equim andthe 
‘move. But whec the pinch ceases, the receptors are 
ot in the same atate as they were duting the inckdence of 
the stimulus, They are no longer subject tothe same deforma 
ton, becanse the physical stractare of the smusels is sock that 
it" tend to tetaln it shape". That ie to my, in thie eae, 
lementary ofall ways, by the theer mechanic ofits physical 


FE 
Wl 





‘eveptor |—tending to restore it to the prestizlas position. 

If this spring bres, thes pressure ox the bation wil cause 

‘the Uberaton of eactgy antl the batteries run down. tis, 

of course, probable that other restorative processes ars 

inno in the fogs receptor bese the sb eee frome 
formation. 


‘Provision for such receptor restoration is apparently made 
in a number of other ways, the detaie of which are certainly 
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not all known as yet" Tt, however, pombe to tiga 
‘the cases whace the proces is of « mechanical nature, aan the 
‘are taken, Som thor in which ib chemical though at 
fines both methods are apparently mxployed together In 
the ear, foc example, there is mechanical provi for the 
[porpose The mechanical apparatus asa woke ls Dronght 
Xo vost ia the Pretimalon potion by the elaticlty of Oe 
Eictionaly izpeded membranes. The protiem here promt 
Self in a special form, a that of providing « meane whereby 
the cxllation of the tympansen tall be caused to cre 2 
ten es pon aftr the physical stimalus to over.” Thos 
the outer and the mde sar the cals load the dre In 
och c way ts to form tm cctive damper, lowing the 
‘axial fredor of vibeation with the msimal after vbeation 
‘on cesation of the “sound”, Thos sudlzory ixpalics are 
{niinted and checked ty « mechanical ester in highly table 
caliteiaa. This system i of such « ators that after 
Aisturbance by an auditory stimulus it capldly comes to 
ent at the preatimahas state, the whole nguromechanical 
Apparatus, a8 depending cx both sapchasical aad phylco- 
chentical principles of action, illustrating the complex nature 
‘of the highly intricate system that is the body. 

Equally intecting bet much mate complet it the cave of 
the organ of vision. Hece certain aspects ofthe wing book 
ton preatizuiaa rats have been axperimentally wxxmned, 
Among them those concectad with the so<alled photo-ectie 
‘Properties of the eye. II a recently encised eye is placed in 
{erout with a gavanomste, contacts being fade with the 
cemea at tbe coe end of the eyeball and the est optic nerve 
tt the other, ehere ls found to How through the wie a earest 
Which ie auticimtly large to act.» daicate Sutrumeat. 
Ths isthe wellknows “casrent of Sery”.Tostrumestal 
aadjastient [3 90 ade In the experiments to be described 
htt, fa ate of, the gulvenorneter tending i uo. thes, 
light is allowed to fall othe bam of the eye the gulvanozseter: 
needle i dedacied, Ifthe ight la temoved the need returns 
40 2eto. Figure shows the rerlt of one nich experi, 
ahibting the swing back to the original cndition efter the 
umisation is temoved. “Figure # shows a record made 
fs eres of stimslntione. ‘Toe return of tho eye towards Itt 
1 Avian od Zetermat gov arden tenting to tow tht $9 
‘extn cane apr erties eas Ieee 
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‘normal electrical condition is clearly seen, though a generat 
tendency will be observed foe secovery to fll samewhat obert 
‘of the pre-stimulus state. Whether tis is due to ” fatigue “ 
‘or to aoote other factor is nacertain.* 

‘We mort think ef te retiaa with the nervous sppendages 
as forming together a system, partial, of course, to the total 





‘rat hese Canes proc he Retin Wy Tig, 
igre x ss the crea ergs > ih nthe abit in 
‘Tin Shite aren Toprsets a pened of WDeeusaton Sarin for Wal 
itm, te ack te pss oh acter A provers rel 
‘pene named by igh east appre elem ing 
‘atin towarn he esate a posed Ton bean are 
‘om totowed by qadol supe tote coped wate. Appareally 
‘Steam eave 9 Neprsy eBet ftbe sume ge tS doa” 


isha et 
Th AA IN 


UNNI 























iguceshows the lacs terns telightie taf tsetinn, The 
‘Photogece shas fe soreal rnjennas der t 4 cade alo fet 
‘ith Nomination tor cae minate od sacoity ft tro minute, he 
‘Ene fe mlarer beng Pied bereetay 424 Oe nhl ee 
‘ote fren wertaly.” Rapa rine eecmmtve fore thew 
‘Gh, co the whole, ew sad recovery. Recovery i evenly mot 
Sample, since Gace © «coment fulog mintoeet Sctranctee 





Wale, 1 ight, duiown 
system of the body and to the environmental dteation, but 
yet retaining « measure of separatenest and individuality of 
its own, Js thin oystem there are occuring, in a manner 

1 Send, reat 
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‘conditioned by the organization, certain electical displace 
meats which, as the eye recovers from the shock of the 
operttion, gradually reach = stationary state, that 6, attain 
‘ah oqullicfum When light falls on the zeting, thn systemic 
fdoctrcal displacements are disturbed ; when the light ceases 
‘fall ox the retina, the system retarss almost to its previous 
Hate! But the iacidence of the light must have effaced, 
some change in the retinal substance, so that we szust make 
‘what wa Know fcam other considerations to be a ceauunable 
sappodtion, namely, that on the rexoval of the light thre 
ina change of the lght-aftected substance or substances back 

to the “ nocmal” o¢ 
normal ” state cf the electri! diplacement. There 
4 dette evidence of activity in the eye alter the removal of 





contraction is clove to suggest a common origin. 

‘he expert a fect Gato 

Anter part of this book. throw still further light o@ the process 

of reornonin the eye afr iurbane 

Shatin pmo efytyng le coryy hay «cetlh 
ions ‘thanby 8 

fsicunt ofa sre chamals This chee 
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pistare of the light stimulus Mberating « certsin quentity of 
A chanical mbetance, which is sulBcient to initiate nervous 
action und which is used up in the proces. 

‘Tala excellent work of Hecht's, accepted by the majority of 
peycolagts, tags pot yall greatly caries the picture 

‘Of equilibria restoration in the eye In general the proces 
1s one wheredy a photo-chemalcal system, partial to tbe total 
‘organic system and also to the exter photic canditions, 
comet to & conitant ‘tate mben theee later conditions are 
Keept constant. When the photic conditions wre altered, the 
photochemical syrem must correspondingly alter, and in 30 
doing will stimulate the nerve and putiate the proces 
iceampanied by vision. When the photie conditions again 
raving buck to their orginal state, the photo-chemical system 
kewion regreses to its ‘condition, While im the 
‘case of the ear the {oe cestocation es largely 
‘mechanical, here it ia chemical 

"We have spoken of revtoation to the pre-stlmahis state £2 
receptor and nerve. Similar processes are known to take place 

‘moscle? ‘Thos after the alteration of external coo- 
<ditios baa disturbed the of tha recepter, ultimately 
Initiating overt reaction, then It, as genecaly cccurs, extemal 
onditions return to normal, the whole wersory sotar axe 
faux also retarned to “normal "#” Under these conditions 
there is equilibrium throughost the arc, aed between it and 
‘the mvironment, aod release of energy is checked. 

‘Wa ara then able to give 2 general answer to the probless 
of how additional enecgy oatpat, once initiated by a stimulus, 
‘is checked before the exhaustion point. Tha most general 
‘aurer is that the body is a systema in aqsilibrium cowards 
‘external environmental changes oe etimall. After distarbance, 
this equibrium is restored by a special organization, by means 
of which the bodily stroctares, specically the receptors, nerves 
‘and muscles, are brought back approximately 10 the Fre- 
Sstimaluy pate. By this means continoed Uberation of 
additional energy ig checked, 25 ix artificial machines with 
1 checking saechaniaes sock ar the electzie bel provided with 
1 push-button. At the vume time the whole sexsory-<notct 
‘axe in prepared for fortber stimulstion. Tha total procese 

4 Bayan, 2004 BP 4, 454. 

‘The word 2 ond wire Seti, and a2 equivanat to 
pret 
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fa wx exoaentIneance of Haldane'sfendaenta Malai) 
Postelate that the ganic Sdety of «ving centoa 
Ceey muitaan aa in tha mae of changhg external 
SemmaneesEeergylbertingeachine may bs cassibod 
SE thone such the stam engioe whic, once ted, eqae 
{be espenter of energy fons en cone sere to tsp em, 
ta thowe whic, he the cloary ec Bl, code ah 
Sitomati cacngwochanim, whereby the whe srt, 
ster turbance, estenatsally reverts tothe erga ate 
Sf ejaltrin Tim body longs tothe ond ce 
ty ence of in aeons fn checking the sea) 
cegy cxtpuconsasent open stmsation (sat mecanieal 
Sqelcis wih tie ervttmment fo ceestalaed At 
SEisdy teed, the cocaiel equittcan of the body Se 
than ons pat with the her bey coretan wich are 
cme by oof the cal auton oT ay. 
ie aches for checking adsl nergy osteo fb at 
the sane tine the mechani fx ceastasting rachael 
trom. 
Th ono mato Sy—Now e ia nd o at 
it we mre to tpak ol ectstal process in the eye we TH 
{afm han te teal ion he wk Ge 
ted wyten in goon. Elerial preoenn 
Cecurog at deren posts eanoot be cole ide 
Penn adie”, bt est bette i elten tothe 
{etalty of och ‘event i the whole lt er eonarain. 
part tom general thsretial consdeation, ich an the 
Gat eperinenalies ave wo ably adduced, coin 
researches now make ie ceat that meer events in the Ayo 
taanot be conde the sm af appara procs 
ialteaearones, Bat that thee neweac futon togebar 
4 velded whcle Adan and’ Matows Bave italy made 
fn experieatalievetigation ofthe eet f ght pon the 
oe ae cee ce aaeg Oe aan cant 
‘eve ta cots the, mevous change and emoloing 
Tilo amplcatin to tend them obecrvble Tha dete 
som tht "retical searooe in the cfs eye ny btore 40 
floey coupled tha they work in crime’ > We mut 
teen cor oe both of the syaaptic tyes (of th rea) an 
Nes of mavous mains capable using 8 4 whole 
(Aaland Matthews 08) ols retin”, ay Ue 
‘workers, “in nat a mone of roptes er ere of cep 
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with each group leading by an independent pathway to the 
Correaponding optic nerve Slsre” (dd, p. 254). The ioter- 

of tatinal elements is confirmed foc the hum 
‘eye by R. Grant's experiments (2630). Sull mace striking 
‘evidence of whole-proceses occurring at the preneral stage 
it given by Heedts (2930) mole series of researches already 
mentioned which treat the process of visual excitation an 
‘unity, and dlaborate a forma for the chemleal state of the 
excitatory sytem-as-e-whale Caution should be exercised 
‘ih referer to the theoretical implications of the expert 


te 
gong which are not shared by Ue rest of the body that 

to the partial syttem in qoeation, Indeed, 
‘viral reomptorapparatut apparently. function’ aa a. 
lecarchy of systems, each partial to the next above it and 


Ht 
i 
i 


‘When the retino-chenical aster is thrown out of eqai- 
befum by a visual atimlas or change of photic conditions, 
‘4 disturbance ‘a apparentiy propagates through suctenive 
layers of neurones, with release of exergy altimately reaching 
the cerebrum. One of the mal eects of sach disturbance 
‘a motion of the eye themseives, which will next be considered, 

‘Now bodily movement, as we have seen, may be divided 
into two categories, bodily translation of the whole organisa, 
‘oc locamotion, and movement of part of the organiem relative 
‘to the reat. Our attention hicherto bas mainly been directed, 
‘towards the frat claw, although mention has been made of 
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tefesen which charaetecstically incolve movement of one 
mb or atroctare relative tothe reat of the body. Ons of the 
cmt Interesting instances of Use second et relative case Is 
40 De found in the movements of the eyes, Ab is wel knows, 
‘ach oye is eioved in ie socket by six muscles external tothe 
‘eyeball, wo taming the glance op and down respectivaly, two 
fo the Fight and ef, and two rotating t, According to Kotha, 
‘se muscles, and the branches of the thres craial nares 
that innervate ther, together with the retinal sensory 
structures, the optic tacts and the connecting centres are 10 
‘oe considered as a siogie aytern, which ix eativnly isolated 
fran the rest of the body, and forms a fusctlonal, interdated 
uy, fee terse fpcitaly parted paral pte 
(epee, chs * Ame a int ping om ts bakin 
‘darkened 








Steere hays otias 
iy thea each eye and ls extereal uncle form © 
separate eytern, and we may speak of tbe contact state ths 
fenched a1 the peution of cucaeal equa, Det 
‘tight falls on the retina, the strecture is no longer functioning 
te mettaneal, But rather a8 4 photomecunial sytem 
Under thee cxcuratanon ite conditions of equim are 
diftermt ; to take a simple case, if a spot of light falls an 
{he tenn in a darkened foun, equisbriom in atnined when 
{Be light tls inthe centre ofthe ye on the fovea, ot paint 
of clearest vision Mechanical and Photo-ectuaio! eqallb> 
‘hun of the eye amy then be dtinguisd. 

‘Now ab the rele cl ccrain ‘theoretical consideratonn 
Kofi wats the farther azecipeloa that if ight als any 
point bat the fove, thos eeturbing equim, trae 
‘jamie frees are progesively aconmed that rove the rye 
{nthe direction of photomechanial eqaliciam. Tt may 

4 ce meat, 110, 7p 2003, 
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aly be seen chat nemething Wee this proportion would be 
{ne of the mechanial equities of the aye Hy when 
‘avon wary iying inthe dark cow of hi ayes wat sonaline 
Giplaed by machasial sean, a9 by Peiling with Ce 
Sngen, the tension cf the exteral oscar aytem alone 
‘wvsld rentoce the positlen of werbanial equiiheian Tha 
‘meni forces woald be progrenively aroaved which would 
{endo bring the aye to the Seng wale Stated othr, 
ther ene pelticn only fer this mechanical sytem Walch 
Wl pot be felowed by motion. Kaha's farther aarumption 
is that for the plato techankcal eater of the oye tha B 
larly one polio oaly on which ight may ‘all wien 
‘iting motion. When ig fall onthe eye movement thes 
ftaturaly toler place wot ths pontion i reached." Tt oust 
be rerembered that this proces lavelves The ch-opeation 
ff petna, nerve end mance, and Cha the gull or 
‘Saunt’ uate ls thes coe tvolvng ect che’ but several 
‘rate a ind 3 ry od he ae come han 

‘omaldered "Nears erganiston of kind 
iro at dicoverd ut ue bein Giel The hypoth 
tha bes fy dle. Ito eiginator eaken, borer, « 
‘ery goed theoreti! cave for San bas, in dion, the 
= 


‘of certain exparimestal findings. 
me of the most important of these is given by certain 
experiments on the ‘of the external eye mnscles, 


Sappoec that the point of application of one externa? muscle 
‘were changed ; the movessents towards oqullbriam consequent 
‘upon mecbanical isplacesest woeld be bttle affected! That 
‘becanse the mince work togetber a8 a whl, a nystem, to 
‘mtoce equilttiats. Such a transplantation was daimed to 
have been effected in the eyes of a number of epes under the 
direction of Marina (1919). Foc instance, the rectus inlermut 
smnacle was eliminated and ceplaced by the obliguns miperior, 
land in another experiment by the reses ester. Tou the 
‘muucle whose normal furction is to rotate the eye towards 
the top of the nose, now faras it popil and all towards the 
‘nose, iit action i conaidered in lation ; and similarly i 
{he mend experiment the mis previwly rotating aay 
fiom the nou now has the opposite eect. 

{ tedaton the livia! Sescalar comecions have been 
2 Thace might be walight aint prodeed, an happron in cartals of 
Maia epi 








‘THE VITAL sysTens ” 


fotcenengad. Yet te ttl ation ofthe rsa was fund 
fo be mere After covery, the postin of hana 
‘oie in the eye of toe cama was ectealy me 
‘SEigget thong’ sgh aqante wee erm Caen obra, 
toe bon case fo Saty telnet enly 
Aidertandabie Som cemetary mechanical Pinas Bot 
ean toto ealy epee! tee fac at te ye ote 
‘Stns sctsing ar You staat teed oe euly 
changed But this fact, tics tne exponent tee 
lowe f'n agrenuent with Kodi's sacipen tht Jon 
the extra maces of the ey comic ae ech 
Sgwecen teeter fore tatatsal pte, ote pote: 
Sechansal Rivers of the ye lan, eget, ong, we 
oct of whch avowed by rea vod by te teh 
oct of whch avowed by rea vod by te teh 
Ere whes and wich tes fo try ack tom opto fo a 








With theory i erecta us be ated teat it 
bard to reconclle with current neuclogical opinion then 
n eyemovements we have yat another instance of the body's 
me te tore x cot sate, ad ee rely oie with 
Exam’ thew of mont, Fer jt att icone 

st there ‘Separate nervout connections verving (0 
restore a normal temperatare after developments of eat 
that would be expected to raise oe lower thit teroperature 
fone, one and a bal, two, two and 1 half degrees anid 30 on, 00 
Koifta’s theory clas that separate nacvous connections it 
‘ot employed to bring the eye to a position of equilibria 
‘wins it has been disturbed by stimulation of diferent retinal 


nla of Eguiibrinon.—The (act that the gare may come 
to feat vith the eyes in differant positions relative to the ret 
of the body calls attention to the peniblty of diferent states 
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of equiltcium 2 the same (parti) organic aystam. Tt ie 
common Imowledge that during fever oc, 2 health, at diferent 
limes of the day, the temperature regulating mechanism may 
maintain body-heat approximately coostant at an entirely 
‘pew level. In this case, itis natural that attention sbould be 
focuaied at fst ac the fact of constancy rather than cn the 
intervening st by which constancy iy atteined | 
‘he thing that has gencraly struck observer is that the 
‘temperate is kept constant at these diferent levels, rathar 








‘eept constant by a prooesa of 
‘sneating is felows, und as far as Tcan see euch a doctrine 
Sn quite unsupported by facts. The exygen in the arterial 
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‘ood does not remain constant, te CO, peesture ia the 
alveolar air (Le. in the lungs) does not remain constant, the 
Thyerogen on concentration (acidity) ofthe blood does not 
remain comstant—but Uaey and a scare of other things 
settle dows to form a new equiliwium, If ariSeally one 
i oltwed, the rest alter in uaisas. 
doctrise, It has been sisted ip words that have come 
‘hough the age. “Tf one member sue all the members 
srflee with I The whole body, ftly joined together, and 
compacted by that which every joint supplieth according 
to the wlectual working ia the measme of every part, 
smaleeth increase of the body to the edifying of ite: 


Tk is very tempting here 10 folow the ameat waivers 
practice of telat howd years and tla ofthe Body 
Eatants a altering for tbe purpose of conserving the Da 
Surclt io coune crcl se fol aay such hing, The 
temptation to sch eesti deseo is, owns, eee 
itis samnanbered that we have beret do warm of 
arta systems, themaclees highly cerned, bot stag 
i Ga Genie retain cote tt ofthe body and 0 
‘irvooment, Change of environmental condone euca te 
‘hoe catned by hig ead bas ease change inthe tanctone 
in question, ad if we knew all the factors valve would 
ba pene to atte ost of conten clogs comocting 
tice ine ve ay te sop a oe 
ton Gusogcontancy of the Ogata in goestion 
{hem omaat at he new level’ Bocenn, however, tbe baby 
fe apparenty constant whe tbexefetons vary we at apt 
to thine ofthe body an” eer" to ther, ie inden, 
{nin the sean that the total pte egal" rier "to the 
Pasi syrer. Such legal psety mst tot however, be 
{owed to bring wit it tesla eapeatons. 

Mabie Cone of genic Peril Sylena athe second 
chapter eval soe Gin past tye wh tov epee 
rgantsation tay be conktered to be tube to two ts 
ol controling condticen,mely. those thet ae fom. the 
{Seeral cpatcation of the paral sytem, and thoee wBlch 
‘ring Som it raion tothe foal ejtem of whch forme 
2 pak, Tim the behavior of Bm eng ia ing blac 
intected by the fact hat the mols comp if together 

* Phe mst preter med by i pnt 
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form = spring, and slo by the fact that there is 2 certain 
‘weight on the balance. Ultimately of course this distinction 
‘Se logical ove only, bot it does form & convenirat means of 
‘damsifeation, and ia in fact implicit in the Sharmodymamical 
freatment of hetarogencous systens.* Is the organic system 
‘this dual contre ofthe partial wyatem is replaced by a highly 
complex maltigle canzol Here we fd an intricate enlace: 
‘next of unitary partial rocesen, nach of which iy related to 
‘the other, and. Renezally to conditions obtaizing ootalde the 
‘ongenism,” This a Ilustrated by the quotation just made fom 
Tareroft. Speccally, Hades (rap0) sates thatthe Biod 
system involves (weniy relations between a2 diferent cay 
‘ltvents. Each of those twenty squlibria thas forming pert 
ol the (otal Blood system equlitiom, which aguia forms park 
of the total living system, will change under two distinct 
unditions. If for any reason x sft occurs in one of the 
other sincteen equilitria, 2 change must take place in the 
twentiech. “If a change occurs an the external conditions, 
‘ther will Ukewive occur changes ta the blood equilbria, Of 
soure, extemal change arg oe af the eae oot 
Site wil thee altel fe tbe sal 
change of altitude will directly ater the pressure of 

alec eatbon die the gs, onda res the twenty 
‘led equilica wil aD change. The equiiis in which carboo 
ate plays no immediate part such as, according to Hender- 
som, that involving barium chloride, oxygen, and acidity, wll 
Athen be sifted. Each of these interlaced writary systers is 
‘hen usifc Grot by its own ioternal aet of relations; it i 
‘ho elated to ineteen cocrdinate syste, within the body, 
land slso to the external vital conditions, Thus these partial 
fymters of the body. if their existence can be considered (0 
De estabished.* own a miltipte contr. They may be altered 
by alteration in any one of the co-ordinate systems and alse 
‘by cbange inthe envizonmest. To speak of « multipls control 
is, a5 hitherto comarked, a logical device only. But itis one 
he ondasental pencpe of wich Hendon has apparentty 
fond wets in the description of x typkal set of organic 
events. 


2 Where tha “Ng pas, ot, Io cemldeed fa ralon to the 
tonal oye. 

1 Tundeninad tt the phyiolgina tave not yet mate ep thle 
minds aboot inte. F.C Mecibraps accor aaapt. 
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Leaving Fender's werk for the dain of pstesty, we 
tuys totand « ith eivper example ofthe anki ected 
Bt pul eyes i the badly. Pan to be Soma the 
Salar movonontssveady ceatdeed rom «sightly differnt 
fant af ow, A chOG ” looks at tne the oy tower, 
Piipited cade tna dart ream, ‘Tee epee porto 
SNe oye b then alec! by the events the ences 
‘Toa nwhat we have caled the "extzoal contra although 
Be ecco model by te interna panto ofthe 
eulomotar open, Dut rove than te val eld sonst be 
{ker into avert 2 decng the equlles poutan of 
{he eyer, Tue "voluntary" ovements mat also be So 
Idwo which of couve ariginate in eae crpunic sour 
(htemsi to the ccuctr sven. The eeloster tate 
Sper of the tua tity eroctare. Tar tye prt the 
man and muy be affected by ceguaic conditions ac well as 
by wht is called foe by photle eSviraamest. Te owns again 
ier than aoe mater. ‘These the paneer werk of Digs 
S'Nas bene genre to ingnh fe pea cl ye move 
tocat (Dodge, gos). There ithe type steady consere, 
trey. nat wha apena exer: pork mala: 
Tl type of movemect cannot bo indumnced ax regards 
‘elocy by volantary efor, eather narng colori, 
swift dicate to loduce « stadent to bare, wien he 
Theis Ht fr the fet ties. Faster, during eye movements 
of ths type vison practical wapdad they are realy 
Interrplions of vidi ee the perp of alg te line of 
Fequd” Difreat ave wat we have lnmed to al ptt 
‘movernents. Here the eyn follows continually an object 
‘moving in the visual Geld, such as a moving candle Such 
‘overbenisdifr fo thon cf the Sit type in at they 
‘ar continuous, may vary ix speed, aed are sccomapanked by 
lear vin. Hypothess would be prea, bit one may 
be tiny cain Che ths type of movement taker place under 
Aierent necral etcdtions aod ane would seen Suid 
pectin nore highty inagrated cos eaiay a the 
fate wa, Sting the movements ich ate sade {8 ie 
‘station for tetion of Ue bend and the body, the eye ae 
Slany acting i reation to the total gooey ile 








2 Encinas rbsoqnast co Dader's sty seeing to show that 
(cn paral vine Sing nach oe vee, 
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5 movement of cearmgmen we eppmety tere spit the 
visual fed 

Thus the yes under mele contro. Someta may 
‘be detected taking erders from one master while ita relatively 
neglecting the others. a a laler paper Dodge has shown 
1 ase of antagonistic cootcol, and has exbibieed whet happens 
in case of coafict between the semicizealar camaly, which 
‘use ocular movements daring rotation, und the visual 
apparatus, The eye fs seen alternating between the two 
‘central, responding first to the vestibular, thea to the visual 
{ndumace, which again may be sen fram the records to give 
‘way 0 the vestibular control and 90 on. These beaut 
Yocords wil epay stedy in the orginal by all who are 
Interested in the mechanism of the body (29234). 

‘According, then, to thei relations with the other structares 
fof the body and the environment the cxgunic partial systray 
ray come to diflerent positions of equilibrium, The tem: 
erature may rise above “coral” if different conditions 
‘biain in the body outside it; the myes may come to diferent 
tates of rest, either directly according to external conditicae, 
‘oe mediately Urvugh the intvence of ether butily structures 
fand's0 an.” At interrelated partial organizations of x more 
inclacve ryste=, which is itself partial to a stil mare com- 
echennve ene, he erp sein is unde contr fom 
Fay wus ncpin swat ag frm, 

oud of practical value by thote engaged in the 
‘expernental investigation of living proceses 

Weiss Experiment —Mention Tar already been raxde af 
Woais' briliant application of the systemic conception to the 
Debaviour of the butterflies Vancsse Uriicas and Vanerae Jo 
‘Weias is a bicogist of considerable rwputation and has ased 
the sotion of the Living syste to make a direct quantitative 
experimental attack on a problem of behaviour. "He defines 
‘System as a complex tending to preserve a certain constancy 





"te elie of this variation, we ave, it hat tees pl ont, On 
sxsclna of age 2 spaiang ote ne petal cope epost 
‘Gitrat equifa. Te Govieealy coment wnctannoal eectace 
the oye tape ovt the logical pot. The reader engin vended at, 
‘rely opating, w= uclated um of gu a ME ao wy, Rema 
OF oo" oa Gide spree bse beet kas been aased wicrct t 
‘le the trperntar joe C.beping the other actor qallBtaet 
fechas, 
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ta apie of change ia oe of the elements of the complen He 
Dotti oot thet, gusting toch = teadeaey, thea chnge in 
Ree ene put rst be folownd oy compentatory changes of 
fhe other parts, such ching cuatng rly we equities 
{a coowtatlabed eed constancy thereby reterol Sach 2 
pation of equbtriom wal the, be saya. bea imilng, that 
Ma soa er minimal ove tr the Vanslonal sates wil 
cntinon until he tne when“ aaghé ones, for nothing san 
Securall the force concerned beng cquly Marcel An 
teampa rom the inorganic sphere i tbe fond, a, in 
{Se pencalum, wich moves eo log as eny of the operating 
force have, eto speak an vantage over he otberes ude 
oxtinaty tition! Conditions rovereet tes takes pice wat 
{hres ne rmton why shuld oer i one deen rathr 
tha ter al 0 ty ol the vr a 
posites eeached and momestar 29 longer openten, 

‘as area barn coir, inthe a chap 

qeneat concept Web pen iretly" tothe 
camnidertion of the oqolibriers of ivieg eraures,” The 
tare n question Vanerte Unies and Venema Zo perform, 
cntain carateriatic ovenents wha try ae paced ia the 
Afi i's teed wate, Toe movecents Solow antomstically 
td neceually ene alter Us othr, ant ato ree Sven 
‘There is fiat & movenent spwards, which i eeted eltaer 
by creeping or craving, ‘Tals laliowed by the asnuzsplon 
1 Xe ero Ur ran of Wola gegen: 
1A ten we acon boeitnt toupee ohh sci the 
sedan ae Besrnng mg seinen hs whl a 
eiclattvera chester oneal 
“i ths Rndeiy tert cmane fens & goed 
tapas tnt he nr he ice pet teva Ot 


ayy usige, wats of Ge comply vader the ality af On extern 
‘onions 





The malnecgnce of conteacy in he whats shea the parts are 
are can ony be brought shout by compenary aration of ty 
(ths parts, whichis teens tbe ote ool tne eet rte 
Sectim) "Every aatattance ol te atie ate, crery”Setnioe 
‘iow the punto igen dnterasaaten a taewed by Seersons wich 
‘Penbt al tha ainncent ofa raha af igen Geter, hat 
Seay a state x wtich”wceght cam for moaing co OME” 

1. The nef tonya mnt be character osc fig) 
rile incon of intng eaten feats © inal cone) 
1 Ee pecan a he Snes 

(ashi 209: Ce Sits pniomact mato] 
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‘of 2 position dictated by the force of gravity, the battery 
spies Ss eo memes 
Eieschiee veep 
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gets 
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Leas eee 
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‘ne, 22 41 sho the position taken up towards the " light ” 
ttizaulun, Ie iy forther a state of biological rather than one 
of mechanical eqaiibeium. 

‘Wein’ general postion # then mace oc lee that adopted 
In thia chapter. He considers the ving creature to bea systema 
0 organized that it actively maintams ifs identity sp 45 
‘ontrasted with the environzient. This is the same thing a» 
to may that events in the history of such a system will tend 
to exhitit 2 dette " ireesion ” (owards the preservation 
of the czzuniam, which agein is perhaps a. paraphrased 
fitment of bell in some form of an lnatinet of all 
reservation ", Even at rik of repetition it ie, however, 
octh while to point ost certain divergenons between Weisn' 
conclusions and thoee of this book. The present book makes 
the dlotingithing mark of a system the iotereenzection of 
Anterelation of the elements, According as these inter- 
lations are mechanical, chemical, oc physilogical, and ¥0 
oc, the vy is debe as 9 ochaical. chemical of 
Phiyiologcal system. Certain, systerss have the property 
EME tay are ented la covain spite wap ee 
entatory change tending to restore the satus quo ane are 








Initiated within them. This property Is due to a specal 





- eis the view of the present book that 
‘When, considered from the physical sige, a living erganien is 
4 tysiem oo exganized that it can actively maintain itealf ot 





= ‘THE NATURE OF LEARNING 


ary interrelated; whe Weis defuition inclades only och 
‘completes a8 have the sf conservative orguniatioa. Weite’ 
Se6mition baa the advantage tbat it can be immedatcly 
appliad to living systems, bat hes the disadvantage, as has 
akeady been pointed out, that itis hardly consitant with the 
‘se ofthe term in physical slence.* 

‘Welat important peper seuna to raise « farther dificlty. 
‘Tals concerns the nota that exgano systemic setion necessarily 
‘ends towards a limiting stale: Soch an assumption is, it 
thas been seen, u postnlate of physical science for physia! 





Pind in pysa!scknce, Tha al panted ox In Wea 
SUM nd ihe bop paar, wtih mabe Si 
Sete the extnce of ston foward stint an be diy 
infoned in the ter. Wea argument apples nly 10 8 
Aheoreealy souted. system : the olga. sptem 
tsortaly paral wpe. Wel’ acgvnes concron overt 
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movement, It is not immedictely spparent that, a a mixed 
gystem och as the ocganina be investigaicn, and which 
Comprises mechanical, chemical and thermal trensiormetons, 
ibe iting ite of the tal yam sald eco wth 
Umiting and Testing position of the externally obearvable 
structure, For example, aco euegy roust be expended af 
all times it would soem posible forthe Hiding podtion to be 
reached with the mechanical system in contimecus ration, 
sch as 1 continuous slight movement of the wings. Ut 
‘With some uneasiness that thesa considerations are advanoed, 
in view both of Wels’ important coatzibution and of the fact 
‘hat his arguments apparently stazd the pragmatic text of 
‘experimental verication. Por io spite of theoreseal objections, 
the orguniama does bebave according to West canons. 
ait ered Cat the Sng ten tely dons 
‘up 8 minimal postion with the result of ultimately saving 
cn nee ey eve ew Ba 
ft teems hacdly posible to appeal (0 gen 
rece ‘we mat portale (hat this econowsical behaviour 
to. epecal ocganization of the Living system in question. 
‘Tat W to say, Ore phescerenn obeerved by Weiss do not 
pyoe lahrgpechoy oh polverdigghcrngt ri 
4 stem with a fartcular hind of organisation. Clearly, if the 
butterfly were in a sbow-cage IC would stl be a system, even 
in the sense of resisting change. But sich a buttery will 
fot exhibit the phenomena demenatrated by Wein, bocrune 
‘it Tacks a necessary part of the requisite organication, The 
‘phenomena do, as & matter of fact, present a very close 
Analogy to the properties of catais mechanical and chemico- 
physical ayitems, but they cannot be deduced trom thera. 
‘Rather are they s further instance of the many ways it whick 


jong mazlaat ot minicnal requgwans ace vill cay the erin 
1s Gmevatre oe uow deptive de. 7.371), Tae preset writer 
‘ck tat wach of thaw at ews may be fered,” ‘Tee eral 
‘Sey nd fo masa or eaasnal vat bt fla bo, tls wey 
‘bedanto ta epcil loge ergata pyle mde proomen 
‘Thee ams te ta pest sage af tevtedge co rates to Deve Gat 
‘the thlogealeytn met tet foward en or ay en 
‘a nlite arch non wil be mech feat of Py” 
‘ele! lye Bet epi! aan or ihe Propertoe Ry bo 
‘ened by spacial onptortna an cae it ke oda Ton 
‘abject at preent egy obaare, and Seams petra 2 Mgt 
a Stade of nctoes apts 
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‘the ocganium ia able to maintain ita general integrity againat 
he costaughts of the world. They are an ilhstention of, 
‘ot a deduction from, Wels” statements of the general pro: 
erties of systems. If anyone thinks that the rests of the 
Raperineats upon butterdim coold be deduced from Weise 
<efinltion, Jet Bim explain why fs that « buttery dis when 
‘football ig dropped ox to it, sie a schoolboy laughs ander 
carrasponding circumstances.” An organism is a living systems, 
‘rgusized in ach a way tht it posse, to avery high dagras, 
‘the power of seliconservatian. Just bow far and against what 
type of iurbance any particular oeganim can carry {his 
selfconsmvation depends entively an the specie organization 
of the cegania in question, aad caznot be deduced {rm the 
general fact that it « system. 

‘Behaviour ae Sydemie Displacement —I0 genecsl, the 
syatenae action of ivig water is termed behaviour, a term 
‘which is properly taken to inclede not anly overt movement 








Of the whole body and of part relative to part, but also ch 

ttction as that ofthe glands, the taxi activities of Ue maces 

land the passage of the nervous impalse, none of which primarily 
FY 


Involve externally visible motion. ‘bas been Been that 


2 da slemeataryinorgee exaple ay be yen. Thar ae ora 
loocimactars 40 krucged that whet tbe Knock W wed an decile 
tnlact lo wade and e ble rong. Thin wcrangumeat, an (nat= 
‘lava comps of sarwnts, n Uecly to e Conndeed a8 mare oe 
‘arated nye, nod went esa pid by both he than td 
‘Gm Sheet "The eats ent be, ted owe Thee tae 
Seaham ran, of nee he ctr 
opty whether ore them 
‘ile guy "plbccerratisn "with erence fo ae amgvet of cert 
(wormed Ifthe mmocer fo Daly nacho, st muy be That = eee 
‘Dassat contact wil be wade the Srv te {son which cae 








Sid antity Weim” cote tora apeten fen cop Hat the 

re ak is pee of goed sy 
treet chaogee,soch a Semperatre, woxibet fe grata and wo oo 
‘Sock a poweegeomting rts, bee aa cpio, wil che 
i tmochanies fore porpne of soccer but fae eaagemonts tat 
{al chet aft dal Sw nae Ee we 3 be coil eye 
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‘the maintenance of such 2 homanttatic constant as that of 
pote ivcles ose of semi ates of wich tal 





the overt moveroc:t endé. But the tating of food iota the 


‘the is of the total hain, azaely the ‘change: 
Iaeting i exclably td tbe sebeqoe anges lndag 
{o digeice, animation and defecation. Thin tat sri 

it the normal state of asi Ona pat of it oaterally 

‘upon another : we normally eat after ve have exer 
iad ie ter we Bare nen, ough ovale 
Atifclly to eBminate one oc mare of the antral Unis 
the total chain, it must always be rememtred thet wich 
‘Mectening is artificial and ls apt to lead to fale expeinental 
ram We may, or tan, oct predieted ful ec 

he ayaa, spa cuss We fa moe an 
cae ‘vances, the preliminary food 
‘econ by breaast bed. But this foreshortning of the 
iological chain am artical procedure. A soc wo al 
Interne that it lead 1 arial concasons. 

‘When this total chai of action is considered, a fundamental 
dillernce appears betwen the sontituart aca in th 
‘ertain sages a auc greater freedra is alowed than at 
Sther, "Wel! Gutters, it wil be comebered, went 
Alsou three moverunts wen paced isa darkened clonare. 
“They frat moved ap nd seny fom the grousd, then oeated 
themes towards tha graviatial stuation and” Beall 
imade a semicccala tars, ending a rest withthe wings fide 
and the bead termed towards the round. Te relative order 
of these movements was righ, moch move s0 than is the order 
of food reactions ia ast Hang creatares. Bat shen the 
{features were i Ue re phase of toe tal reaction, ieraling 
‘rus knpeucticabl Sing fa te sume direction took place, AX 
Teng asthe edzeals was attained, the intermediate wns of 











prey au two aye bang are noealy Hetil et 
aap in sabe the cod f every sicomaal day, and 
{hie tthe tno every eocenl warp To parler 
Itatoub be noticed that ently Steer forms af oeaton 

tn cupayed to lind tr sae waco. Fig, 
wralug, sencing tnd ving cet ery alent 


‘and the process of digation are relatively cometant. Of 
‘course it ls not to be concluded that such diferent means of 
attaining the same end axe completely and arbitrarily inter- 
hangeable; there mast be some reson why a bird will fy 
‘rosa a small stretch of ground co coe oceans and walk of 
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{a general, diferent forms of locomotion are called ont by 
diderent cgane-evvicorosental conditions. The In the me 
cof Weta’ Dottrdica the rule was that creeping was employed 
for the countergravitational moveseat. ‘When exterzal 
conditions rendered this impossible, then the Aying respoane 
‘wun aed. ‘After al, the intimate relation that exists between 
{he external world and cven the meanest living eratare males 
some rich resltixeitabte, It we start withthe astscption 
‘that the organism is such that ican preserve ts general 
constancy of form and function, and that a certain defc-tat, 
‘of food or water ex what not, i followed by a series of dise 
Plceroents the ultimate end of which t that the JeScit fs 
nade good, then, whasever this deScit state occur, ifthe 
conganinn is to survive, i is necesary that, whatever the 
‘topographical exigencis, there shall follow a tries of movee 
‘ents erentuating ia the appropriate endceaclt, Ina varying 
‘wotld plasticity of the response-serie is necerary for survivalt 

Such plastaty dons ot, the, ily any ” tendon of 
cbaice " nthe past of the Soma Ht does not mean that 
the buttery cou necesarly " choowe " whether I was t0 
‘ty oe creep, The iraplication is rather that, granted the same. 
‘general ead, such as that of anti-gravitiional motion, the 
characte ofthe means employed fr motion reay dille, 

Let ws denote the total series of overt displacements 
the term displacement sriex. Tea we have soca that 

\ series, ending. for example, with the ingestion of food, 
rat be considered as part cf the general echarisn whereby 
‘ganic We and lia aad move spectcally tie homexostatic 
Sactars are kept ooastant. The fart of plasty implies thet 
ch a organic displacesen! tries sey Deve Ws final Ure 
tera fed, witout fing te asta or wer of he precoding 
terms. Such plastcty 1s characteristic of the purposive 
action already’ mentioned. Such displacement persts unit 
tha end state is ached. The ccd stato implied by the 
preceding states. Subjectivey, it is said that the organism 
bas the purpose of attaining he end, the objective counterpart 
of prpove thus being a plate series of syste dsplacermats 
towards a fed end-term. The tars purpose and plasticity 
realy deride the samme phenamenca, Dut sre difereat 
sapects of i. 

4 Asia patiiy bs ben stra’ by Ge mame experiments 
‘fo vbat le own us the" eepis tack” epee Se 
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‘The ewentil objective features of the phesomenon of 
plasticity are not peculiar to the actions of Uving 


fies by saying mun lee alt (1 seks sow lace), 
such langaage tecognizing the enestia)srilanty Yo objective 
purponive plenomeos, exhibited in x vastly stzplibed form 
by any Rater events. Many other Inorganic example: 
‘could be gives tosbow that plasticity of ection erected towards 
‘specs md-term is not pecalar to organic ystesu, Thus 
tn objet roling down & ape wil ally reach the lowett point 
ble under the ves conto, WIth he pope ci 
tion the pa may vary without altering the fina! 
Aestination. This might be done. for example by altering the 
ar wo, nay watmgeing macnn 20 stud 
sare wey, ‘0 constitu 
Uist whatove the ducbascr the repletion tmachanon 
rocatablishes the same state. Thus {fT dampen dowa the 
evolutions of « gramophone, by potting my ger an the 
swvolving plate, the stabilising, mechanisra wil re-establish 
‘thn standard speed alter my finger is temoved. This re- 
stablisment of «specie state wil take place however much, 
‘within certain lina, the speed of revolution has been owed, 
fe even if the speed is acocleraed by giving the disk an 
‘tkltional fp, “The gyroscopic compass Ukewite ro-estab- 
liahes 0 coils dizection whatever the defections maybe, 
a5 does the erdinary magnetic compass, again within certain 
limits and under ectain esential conditions. Tei indeod for 
this very ead that these and other seléreguisting mechanisms 
have been devised 
ectaps the most striking inorganic instance is that of tbe 
“ Heliotrople Machine ” dexfbed by Loeb (29:8) 





This * Orientation Mechanion * consists of 
Yor, about three feet long, one and a half feet wide, and 
cone foot high. This box contains all the instruments and 


itp of about thw fot er second. Ue wil Teo 
{ts Cure bebind the moving Heh wo org a he Bight reachan 
the lense in tin ntnny. Indeed. ime fatal 
{nhs repect tan the proverbial se tbind the Packet 
fo To the ine hn performace fb pt 


vey ncany ned 
Beg peisaple of hie erecaton mechani, has 
ben applied fo the " Hammond Ditigible Torpedo for 
demonstrating what is koown as afracion by interes, 
That i, Hf be enemy tren to merece with Oe guiding 
station's control the torpedo wil be attracted to. bim 
oe. et, pp 48-9). 


‘Thin astonishing mechanisen, which depends for itso 
on the action of lghtemaitive calls coupled. to. ects 
rays exhibits in an excellent farm the property of rection= 
plasticity. Whatever the intial relative postion of the bight 
And the machine, the machine moves towards and ultimately 
traches the light, provided that the Light stimulus is above 
the threshold for tbe apparatss. IF there are any small 
topographical iregularites in the way, the path will be 
elected, but corresponding compensatory movements wil 
later be made to briag the txachine up to the light. TC may 
further be noted that the esachire is a partial system, the 
total relevant system being the light and the machine taken 
together. Within this eystem displacement takes place until 
aru fonetonstave minimal vale, nr, the distanon 
Detween Eght and apparatus Like tis living system, the 
machine carries its own reserves of eerey. 

‘Of eourae It la not hereto the point to object that this and 
other contrivances exhibiting the property of plasticity of 
reaction art designed and made by Iman beings. Our object 
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‘ere to pl ou bat rach antic of clon te peer 
Trung sytem, ot fo show oy ang ste ave 
tequied 2h property of pasty rection Ta at of 
Cote deta tnt bee tn cry oer frp ht epee 
SE ie Sving pens ae Gs mort comple than saying 
here steed is inaaas mare 
This dieusios opened wth eston agit Cling too 
sec fom he fact ean ergs a tem, For ata 
spate ral, thew watson tobe ecomay the poate 
Gis sems with at at hc organ. Tecan 247 
fee Sempeted Wade tito tat carats pune nnd 
Ineguie pte stare toe Hasty wept yon ck 
Sic ancs Feoperty ment te" troughe oeet Uy Lppropeate 
Spuntntion, ft sa he undryng tmp fopety 
sdtnsving tet maior anopy erent wot lhe 
fcaamenta organcaten ef mate, Cary cal elanot 
‘Si patey af octets weve bee 
‘ewig el pov? wih he soem tor an 
Ini vopect th crab ers jt Gos oa Pay 
: ‘a me 
that the Bechaslen by wick the reals tn qoaion a 
tied tan fu cc uci 
‘Sopa em the ek of enyog te pric acne 
ia quation; any ‘ae than come heey 
thntowtation fh canal reaction mat tae fee song 
cra new Sper the het ee he ak a sung 
{hr chemo! ation intra We cn reopen that the 
uspones”,* rinitve tgs" tod 30 en of the Wing 
cetunam amp to chrteerae enc prepay and 





Tan tee “perpen implag corals ata states. Schtly 
secaking. “perp should bear the sue Feoation: bet tha 
‘arm to convenes le toe dascrption of brbavior tht is bare 
laa weed objectealy, without teen Ispbeater a) 
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201 interest ourmven in the mechasisn on which these 
properties ret 
"Again, when we spk of the attiamest of a specie mod 
cate tu bing common to bot incrpanic ane ergani systea, 
if ust ant be astumed that the snd states of an Snarganis 
pad an organic system have anything more in carumoa thes 
{hie fact that they are cach the constant or equlbisa sate 
of eaystom vearhed wher dopacemt ao occured. Tost 
{head state of a biological oyotem that han been dstubed 
fs ordinary not tke physico-chemical end tate, ules the 
Aiatatance Sarups the ganization of the spate, that by 
files it" Kile” the create. In fact the direct function of 
ological organization sto ward off the attain of physic: 
shreal eqalirza withthe inmediee environment. 14 
‘ot ale to fogs, when wo are speaking of the olin 
lal eqlitvem,zinte ponte and eapatmps 6 
‘equlibiom, re 30°00 
speak, upon the sek poyaes and chemi of the aiotion 
Dy meaas of x special Gepanization of the energy wad attr 
involved.” Here, as eloewbere, bicogical organization reals 





| special biological phenomena. 
Resiricions—The  pevaitive usges” of the a 
physical wants have been considered as the pri of a 


system ao organized that by means of spatial daplacemeat 
and otherwise certain constants are maintained to 0 high 
Segeee of approximation. There yet femains a ferthes ree 
cor rather st of urges which are not less peitive, bat which 
Juve remained anconsidered, namely, thove connected with 
‘vox and reproduction. The activities connected with thee 
fnndamental dives peesent x special problem. They are 
apparently net dizectly concemed with the preservation of 
Dolly integrity or with » special constant necessary for auch 
Integrity. -Acourding to some workers, the sex ange probably 
cf central origin (Dumas, reas. Act. “ Linstinet Sexual" 
‘Others favor a peripheral cus (Niseen,* in Warden, 1931, 
pp. 263-322). Undoebtedly glandular factors are involved. 
‘Hat bere oar knowledge of the physiological basis of this urge 
2 CL Maciek, seam B95, "The woskiog of the caching is the 
‘pow of esata ndutcy tometer te gellar arive 
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stops. Once inated, however, the send reactions follow 
Bch (he tame course as Jo ns fod aod other comuerrative 
‘sctions, Ts general, action takes piace towards sn external 
20 by any meena at tbe rsa’ Gispoot, the mae nd ing 
Stained by” spotanieGaplaccment aces tering widely 
According tothe creumelances encountered, Internal changes 
fear to take place which sentite the orpuniam, at Inst the 
Tighe female crgandan, to cota small whieh thet become 
lective (0 distur the geeral mecbaneal equiltriam ef the 
‘item ih relerence to fs exvarcomest and thee initiate 
‘Boverent." Thre fe'a parallel inthe cae of unger, which 

(Geater activity on the part of the cegunsn,ser~ 
‘ining it Co food” and otber sia (Cron, 2926), thou 
‘he mare of the internal change is at present unkown 5a 
the cave af x. 

Nor ean we describe the spectically reproductive activities 

ss yet im tert of sytem reaction. Receat researches in 
Canbeyoogy seem 10 show that the growth of the embryo 
Ganga In tbe development of toa! system, patter, 
wich isn whole tom the fine of feteaion onwards 
por this whole patter appear in erry secceason deals 
which ae at all times apparently miberdimted to the wtole 
Troctue, Uh forning ® zaoce und emote eaborale heme 
rich at any inant 
Tolty within'a uncy. "Thin laser esty is not, howeves, 
porta syste of the ondary Bod, 
2 completely. separate sytem, the relationship. between 
‘enbryo ad the moter i Ua mamenal thas big ef «unique 
Kind.” Theory docs not at present sufice to deal more 
andogaately with this fandamental pbenemenos." 

Summary —We thar have & pictare of the organi os a 
physica stem of prodigious complety, many stleiog 
Propartca of which belong tot an 2 speically expend 
System, rater than to the waking of any shige vital 
Procemes, The specie way in which these paerscproperten 
Siow themselves depends upon the pecllar exganation of 
the ayatem fs question, jus as the specie canner in which 
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‘the laws of physical scence operate in any given case depends 
‘upon the pecllar natore of the inorganic system in question. 
Special mechanisms enable the organisa after disturbance to 
coma to a conservative equilibrium, that is, one which is 
‘purer to the original equilbrless paitem than would be the 
fase without eich mechanisms. Thur it tends ta preserve 
Stel,” Tels power of seiznaintenance, flected by means of 
‘ouch ‘activities a8 food taking and trenhing, has a simple 
‘comtepart in the seltcunsarvative tendency exhibited by 
‘certain inorganic systems. The erganisn's power of seanomical 
response again depends on the extablishasent of a special 
biclogieal equiltirum to change of external conditions, The 
‘power of reprodaction not here conadered, 


CHAPTER V 


‘THE FIRST APPROACH TO THE GENERAL 
‘PROBLEM OF LEARNING 


~The whlch by atare moves dowmards cannot be babiasted 
to move apeardn, bot even if con ie tte it by throwing CP 
ten ocsahd See” (usnetss ase) 


Laurin os an Esirtiono Orgone Respones—Comier 
of the Nghe eganizns inthe Coulee foro and x that 
{the enviroment At every merert exter changes ar 
houvng whieh ds thn gas equi Tee 
Condidens of temperataze of atmoepbane pom, 
‘Smyth prs patie of te soend weve «Pater 
ew fo sth ee poet cnplaty. nv 
2 ade tytn cnet ato, phe mea 
teealy be the crn tering alee he 
ely echt sang tm yo 
se coat 
‘a Yetta tothe tare intimate nd cual varying 
aren of te ervitapentnrcntact, ol cal og ote 
Sgmian af evay manent approprste Tapas wih 2 
carraponding expeodre ot eery.- Yer aacranig hough 
{Ea peters of eo aaieicly reponse» solmbrsaing 
‘Sec, doo oo a tal he oye 
Gor coe etmctraly vga the etoihing Grima of 
say" higoa crit Ui, va ttt pcp. ee 
{nt eels tv oot of te total ry of gan acon 
Sit'ractine, Tv Sreumstanct et the ows! 
‘Bet ial to to ee an ily thy 
toe abo fener at brain are 
toute hip, ooking whew fe say deena 
type Steins ohak he ony By the fact tet be 
ler ta Egaaly tae tet be fopereny eterno: 
‘That oe by pclae of prevoes caus he Kaw, 
onalurst bes, wore toad vant wens, Hewond 








‘THE GENERAL PROBLEM OF LEARNING ror 


be suid to go oxt with the purpose of Sing food, 
Tod €2 tave laced where to fad Wt Bs seionn, het 9 o> 
tay, are ment edeqeataly described wot as sree, independent, 
Du ie eetlon to otter actions with whit they satay 
form a group. ‘The Ngher animale sees ot only to act and 
to ct with's proses bot to learn, fiow & hes boon seen 
Eat the displacement of an Snocganke eyes, towards 2 
‘aaxiual o mininal ste way provige an oguatesoalegy 
qe porgsive ctiog the temcey of ful cause wan Gaimed, 
fox exazopl, by no leat tinker than Baler to be plea 
fo the events denoted ‘by physical scmce.'” Ceaming, 
Sewer ts techaniam of elicing pest expecienon fort 
cegansnvs preservation, seews earcy to be a, pecula 
freogative 0 hile, admiting Of no. Inorganic amaogy 
Frorpunie nystema, ign, ay. perhaps be thought of as 
reaping 8 ne wy feel ang Hey ate 
fo ongalued that exteral dstrbance ‘ocr 
Derubloy syste Giplacemant. Bet te pows of harang 
them Wally atest st ny tn een an ut 
am ether enganie Tespones. 
“arn Met Deiq Vel this apparent unlgomese Is 
come trom the fact tht we axe prone C0 conder 
torcalled lured actlons in lation lertead a in tei proper 
(omtect as farming part ofa sri A tecacd ston Shoe 
te omaldeced stuity ta elation to all hone preceding action 
‘which eave sto aay that it armed, If fea considered 
Riser gealy of mae tmang ane pero, 
Aad seen tb be sexe a move elaborate rapa of te YS 
ready considered. cat has learned to gots pate or foed 
‘ven thar the Satter of shen we consider the cat's r= 
Tormance on any oon day, tbe asizal doce wer to Bave accom 
pled a unigaaty "ratoeal” feat, in that i ome a specie 
Zad new adjustment to fe envvariment today Became Te as 
Jat certaa experiences yesterday, the day before, and te day 
belare Bat. Tf however, these Actions which were performed 
hile the ania was earning the scion are roeped, as they 
Telang, togsther, to fom the foal ein of eciona perormed 
‘ib tbe aninal wan iarning the pertornanoe, thes we have 
sai of related rune at fod-arae Geally clmisating 1 
stan ca be we peuble dab that wl wef pom my 
2a ceacolned tne tl cae 0 te mde unseen Snr 
(Sa iom caieet comm” "Quoed by Gage, tans a 
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1 iect ran tothe plate in the kitchen, Tt in to any, the 
imal has made a rascal adjsttent to the fod etustaa, 
to edjommett bith ta aly stvly complete when th 
Mann ily “lend Such 2 pecan Wl iy toe 
‘fer in many respect frm the more Gementry adjustments 
tiredy cided. Coder tre caves Is opp te 
to'respond toa mob by peckicg the tare and Seine her 
tad toppase ber sectdy to respend to these of fod 
by hunping ofa char and running to the steer nally 
pps to have "Ware tore er hed when se ies 
{hevcona! heetng furnace being sched for the ight te 
tech of thew case we have the pana contorted with 
{change of envenmental coins to which sdjestntt 
Kcioade. Te changing lerment spenealy called the sitmton 
ox tinalen. Wht size ers he ado pe om 
alr the ttl Je the new anny or Olectery ment. 
‘Waen she ha enon to rom to food the am at tee: 
‘Sent conden tdades the total eco of nations i 
hie he sal ads here at the evening feeding tine 
Ie wn fs he nin abs inf 
aie ‘he ollucery and natery im voit 
‘aie an destino the teal nial food tstin for 
eck "It runt ech day, et es path ers rom day to 
fay and fraly fads ittcy to ood. tn the foe ase 
‘sponse invalves a reatvey simple ocean of mse 
tellone, ith taement of ony part of the body fa the 
fecond cave, where te ankna) Jumps from eta, there Ib 
1 conmicn of movements and pontine cling Kcamation 
‘tthe entre bly: whe“ learing™” involves 2 nary 
Sere of ch Aol tcoteractivten ‘Tat ls to ey, the 
{itnad acivay here, trvtren ar each term cf hich 
{Wisc « mcceson of etn dapoomestay wit ach 
temof wtich i aeret rapeeac Ths can be gerald 
Learning ions he procs of aking # rome objtiant 
‘sich be expd tthe fro tr sah ta of whch 
Graunia of an ceandary Sjatnaate i oeaata ke ons 
Incest tendecy To eau th cons of the ogo 
{io gle rapa wi frac eB ses wich tt 
‘nt eC. 109, Ph. 

Tn eter Lymn arcane othr expagla wl rena 
‘Wht an inoieal eins to tsp, te eonfstad ah 
The uation presented by the Cypewiter and a general soll 
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situatlon, Tals total situation the cilled typist meets ty 
cartain motion of the fingers asd arms, these motions being 
‘specie to oxtain vimal stimli the tramtript o¢ steno 
wraphlc notes-forming at each performance a fresh part of 
the general environment. Learring to typewrite has taken 
place, let us say, when the individual confronted with & 
aanuscript as part of « general socal setting can parform in 
4 certain minimal tine and with a cartaio miimam of ears 
the speriic movements nocmary to make « "copy", TRA 
response is ferent at the end of the learning pasod from 
‘what if was at the beginning, and if the learning curves are 
‘Cxaruined they show a progrensively larger number of sakes 
er second and « prograaively fewer amber of " mistakes ". 
‘When the leamer has attained, Jet us say, nine stakes pet 
Seta grt pe ener eit 

we say that he Is attained this 
SEL" Seen of hs aun ln yng" oe iat bese to 
make a certain adjustment to theaitastion because of his 
‘ast experince". This clearly makes the activity of learning 
‘Snigee, a function ” si generis”. 

Sometimes, indeed, t's said that he can type better 
Decaute of his " Memory ” of his katons ; or i i 9 "ran 
‘accumelation "ox an "engram that enables him to type 
better. Sich special terme of course only push the mystery 
atts farther back. They areas barmoul as was the medizval 
copleaton hat the water tou na pump Deets nature 

2 vacua, and are exactly parallel to the "fist 
principles", against which Vieq 4'Azyr thought it meceasary 
{to warm his readers.’ Such explanations are not Secesary 
Mf inntead of considering the fiiched product of learning, 
namely, the attr typed at nine trae per second, the total 
saros of relevant situations Is considered together with the 
total series of responses. Then its seen what has happened, 
‘The huraan organic bas been coatronted, on a number of 
succenive obeasions, with sitaations presenting a certain 
Similarity, and has made a (otal unified adjastment to the 
‘otal seies of these situations the final tage being the tyFing 
of a letter at a oxrtain speed and accuracy. To be sare, this 
‘ighly complex example does not provide a serss of idctical 
repeated ""learcing ” sieuations. “A typist ronst be able to 
copy "new aa well ax faaiiar mancacript. When he has 
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eared todo this a uitinatay makes an expert performance 
Awhich spar of a total Reapnse to heft wre of Seraing 
toationy taining the "tow = copy, and for this he must 
teint sad teimtegate, The estenticg power of the buat 
bervous stem Bacon bet least In the sbaity to atta by 
2 complex integrative procen « constant state of reaction {9 
1 fot set of tents is hic the toler dmecta ere 
Ataribused In wch a complicated macner. Aa will be seen 
intr, simlarity an fegration there mast befor" lara" 
"Ts la of chrse ho New ptscple of erplanetion has 
sail nothing to tow the vest as been ected, Quite 
tbe eaatary. Te bas et new plcipcs af explanation tthe 
trubers of tock terms a8 "emenec secumaleden, Cang 
tatber that ths lntance offering ia tab conadcred woe 
‘ttemion of the organian's power of adjusting to 0 single 
Sg or stuation, Whe the full impeatlon of the 
Bateentcannct be made desu th wage othe discal, 
Set W may be repeated that casting fom the conception of 
the ed reacting  adjnting tow single stimelas ot 
‘Station, earning mast be eostered asthe proces 
‘wi adjntment or total reaction to total ees of sch et 
Or tutions 1 i euentially ska to the prose fair 
ihe ac ot toeaing 8 sn rh te 
Integrative procen Tt involves vo new merely 
the extmicn of oo airedy own, "Toe reinr of the 
‘hapter willbe devoted mainly to an exposition of thi cesta) 
lace crain emnedty caring bectons wil abo 
oh 

"Dalmation ofthe Term Leaning —The fact thit thee is 
10 harp line of von between the axe cepetary response 
ad the "Teared" activigy is wel eoeght out bY Salis 





fora te way Seta pepcoinge) Siesta. ‘Toe 
tin iat be fund he Tos of Ward (0:8, 


Iara” fine, Indo, "The rive lance Com uct of our Ek 
‘att plncomeen ‘ere aot rnd, Bat rater tha hay ware oe 
Glieent mmcy cicero wr fo tatty 4 apes Sect Tie 
tate" Meoery "> abt. ning of Attatca, Appeneptin, wre 
ae wed 
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cof the term "Jearaing ” as itis commonly used (p. 5}. Not 
every seres of successive actions performed by an crganim 
{9 exmsidered (a exhibit learning. There rust be, as we bave 
‘ean, modification of later terzss of tha series because of the 
fact that earlier ones have occurred, and lndoed it is sametlanes 
aouned Hat modScation, at least under relatively complen 
ouditions, is eynonymoas with learning. But this is not 0, 
‘Where there is learning the later actions ofthe series ordinarily 
Aifer trern the earlier anes b the Gvection of the organism's 
advantage. In the terme of the lat chapter, it may be aud 
that the term learning” oot ordinarily employed unless the 
modification of action has furthered the conservation of the 
System. A gull, let us say, has learned to fy after the ships 
a they leave the hasbour.” Clearly the Jearaing rests on the 
(act that the bird is able to obtain bigger and beter meat, 





‘and easier oes That is to any, i intake i move 
‘economically effected. 1, after Gading food behind w number 
‘of ships, it had 10 modified its reactions that it Bew in the 


‘poate dection whenever a sip append, we sould hardly 
ott ing the it. TR burch that ve 

cain utero aegece defines in panglog is band 
ite the fumes wend bes caeate fr caste. is 
‘order thes to exhibit learning series of cpu ations ust 
rx of all be puch that late: tena presappme earlier one, 
whic ace tae thing as fo ony hat socigeation hasten 
lace; bat in aden the ses wil generally show a general 
Spprokimation to an eptinal tem, optimal at lt fo 489, 
fem the pein of view of aystemic cmuervaian, Became 
the wren Gora of related terme it a any; and pe 
formance Test converge to an optinas which is. fed 
Patol or poecnaly. Trpeovenet cannot go 


5 arin Sin Now mt th ht 
oo na sly he es 
SM, “Since pe aa Se 
Groeten aca 
Syed act Tyee we econ 
Sn Sa 
OS! Re Se Say oe Sa 
aga yi mp Se 
Seas aes 
=e 
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ncumed an appear to offer pois for leaning or at last 
‘of a proces alle toi. 

Soppone test ofall that « series of successive stim affecin 
ne soomptor Sd only, and = flowed by a sien of silar 
Tesponses of the ume efector or efector group. Consider, 
‘that to say, the eacenive uta of environmental omditons 
sondiant save for pectic change in those afecting & single 
Teesptor fad. Such a almple Sele of responses to simple 
‘tization may be represented as fllows 

SR SR. SR, SR, (7 4) 
‘Thin focmala represents a very common type of cection to 
repeated stimulation. A partcalarly common cate i whete 
‘ction gradually diminishes to the tero pein. For example, 

‘torte tapped with a pescl at sacoaive intervals of two 
‘ecouds. The reaction, which comists in the withdrawal of 
tog, gataly dere co tn ook Hes 
utiatve change of ta repent, the sme efi 

involved mia recon, Eat te a pragrevely le 
And les extent. "The experiment clearly shows modification 
(Of ction because of previoes action. A limit is reached, 
hhamey, that of aero faction althoegh it might be chought 
hat in this sinple example the term " optimum.” world 
perhaps be out of place. However, 1x0 motion is clasly 
fn optima an regards economy of enecgy-expeneiture, so that 
there is sore justicaion for the ose of the erm. In many 
anes rettion to a sip repeated simalss Joes not ts 
Airabish, aad bere at last the term learning would be out 
fof place. For example, turtle was tapped af ftervals not 
cf two bt of ane wecced ; reaction progrenively incrmced 
tind the whole anizal gradaally became more tnd more 

“exeted ", wat every limb was vielently moving, with 
apparentiy a qualitatively Giferent sytematization from that 
obuecved at fint. The ” awizsming” movements teem (0 set 
in, which appear to invclve at ast « iferent organization 
of the mine muscles. Here, ander the conditions of the 
experisent, as cdeasly not takea place. A 
pytiologial Un is ultimately reached, but this can hardly 
be called an opticnum, for snudr the gisen conditions thin 
iting reaction door not difer fom earlicr ones in the 
<cection of exergy economy, ox aystemic conserraian, The 

* Se Geageei 1330, 
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sarve resah was obuervad by Jounings on continued stizvulation 
of the earthworm (1906). ‘ut there are further casms where 
1 repeated sticaalus is followed by a reaction that diminiahes 
and dissppears, bot where nevertheless i would cartaialy be 
‘Cenlmoover to ase the term" Searzing ". Thus we may have 
1 acres of actions conforming to the tvpe given. bat withoat 
convergence toa teal optimal term. For example i & Sumani 
is repeatedly used to clit a “redex” from soch an animal 
ava dog, ceaction wil pert for a longtime and will ultimately 
fade away from “fatigue”. I each fatigue Is caried to the 
point of physiological extstion and death, the Spal state 
fan hardly be said to be en” optimum”, 1, however, 
‘eactlon ceases, before the state of abualute exhaastion ot 
(depletion of pyuological reserves, ben we have again 
bocdertne case. In this simple mode, indeed, wo seem ta be 
i bocderine of learning. Generally speaking, 
aw the Kne at any one Place and say, “Here 
learning begins.” Between " fatigae™ which is primarily 
protective mechanism, and tearing. tia often hard ¢o make 
2 distinction. 

‘This dacusaion of the simplest type of reaction to a repeated 
scmuan loataten 5 latent Which is tun f the more 
complicated cazes also. Learning. or a procem allied to it 
may take place in any of three ox four modes which will be 
‘conaidered, but not all action-series fitting ioto these modes 
lve inwtances of lazning. The types give no criterion of 
learning, bat they will be found use! in showing the ratioa 
‘of the more consplex to the simples cates. The general pord 
Dilitias for " aarning "in the mode represented by this type 
Of teres will be considered later in the chapter. It will be 
‘observed that bere, a8 in all the other types to be considered, 
cach term of the series involves «relatively complete response, 
{hat is to say a reestablishment of eqoilrium to x cbange 
of external conditions, the wie series representing, therafoe, 
1 total adjustment that le a complex of mincr adjustments. 
‘Learning, i it occurs in this mode, is thereore conrituted in 
‘number of related eras, exch of which ina rdatively complete 
stimulus eapoase element. This is characterttic of learing, 
‘ab itis (ound in the other modes also, thoagh an apparent 
exception wl be diussed later 

‘The fst type, which will hereafter be called type A, may 
be complicated by changing the quality of the response at 
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ce or moc points, eping the smal enchangnd thronghoat 
Ue eren. he cerctng atien-seieszay that be represented 
SR SR SR. = SaRy SuRy (ype B). 

ere as beer thre i eacesion of sila stil flowed 
by qualtatialy the tame response op to the polat'S\Ry- at 
‘which, however « Gesh qually of response ocr 
‘Such a fren quality of response rexy be beougit sbomt by 
the we of erent efectes, a inthe case of Bing on walling 
in birds, or pomibly by & aiderent systomatization of the 
umm edectory, ss pecbape occured in the ule expeimint 
to which rebrence bas bees made Ite aportas (2 aimee 
a sch change tans ay mean guia diterence 
1s repurd the learn, wie Uo general natere ofthe tt 
opie renal uchacged. These wf obeerved Fat 
fo take a Tew tap comands the rest of te fork, and cover the 
eruning Stamey Byng Here, ned, an estinly dierent 
fet of efector spat into operation, bt it ist say that 
{be lgmeal character of the reign party eae 
nailed loverent wan il owonts tha Sock. Tha actisa, 
it one may say so, have ucged, bot che etategy remains 
the mune.” ‘On the other hand, however, even though the 
femal i Hep tcethy conta the whcle nate ot the 
‘espnue may apparently change st x Seite pola. Tae 
‘ically Hsirated by Jenting’ experiments os the sot 
‘tmmone. Ths checver found that if thee szimals wre 
stinralated by the dropping of water, at Sret the tenteckes 
‘were witha, ther this reponse cinappeered, thas ging 
SD example of the type A sree wit the Faction dining 
{0 beta. TE however, the drops were cestinoed the animal 
‘gan to sbrink anny.” Here sees to be reat ofa aghty 
Bert quality trace the mere sith of the tetachn 
1a the sas may, an anemone wos stilted Steen tes BY 
ligu'srckes ofa fod. At the owt wzoke contracted stroagly, 
‘tnd contsuad the ceaction Siftees tsa, wham ie beat ovet 
40 one ade tnd extesdad io a new dfcton, AN aneoaae 
‘Bay even rleam fs foothold and cove to a new postion 
"Tas to the same stimlus when cepted many Umer the 
merit react Set by contraction, thr By toring repeatedly 
1 aan te ote ore, te nme # rata at 
dmcipeets. Acuwting @ te gemral covestcn, 8 tesa Ut 
Seder ccm on ts becgenee 
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into new postions, thes by moving away” Usanings, 2903). 
Similar phenomena have been observed by the same inet 
tigator on the anicellular organism, Stentor, and on Hydra 
by Wager (Jennings goa ; Wagner, 1904). Another type 
ive change of reaction to gostmaed stimulation i 

canes where there are two centicting mechani 








‘hat hanily enough attention has bee given to the possibilty 
cot learning ia thia mode. The complication which Ie represents 
ay occur fn any of the moce complicated types of action= 
‘eres to be diacassed late. To antiapate, there are instancen 
Feeacded where a rat, having learned a simple maze, Jumped 
‘over one of the walls, thus short drcuiting the obstruction to 
‘he reward, “Hare the learning procam Sovolved a reaction 





(Lashley, 19243 cf 2929 and rg30). Tt i highly dedrable 
that there shoald be made experiments with amphibians, birds 
sand other organiams with more than one means of locomotion 
at their disposal. Although prophecy is dangerous, it seems 
Probahin that sach experiments would disclose many cases 
‘where aming involved sach a qualitative change of response, 


Uy this pehool weuld soma to St into the rubric of thie 
mode. 
‘This type of actionseries with a qualitative change of 
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respousa to 8 succession of sixar stinmi in a variant of the 
‘rigial type, which exhibits similar responses under the same 
contitions, Complication of = different form may be intro- 
duood by adding to the sixpla stizanluy terms 2 Tepented, 
stimulus affecting a second receptor eid. In this case, instead 
of ange periodic change in te emaronment, we ow tave 
‘ecuring at cledy recurring intervals of 
ne. The eng Sas Say be fected alls 





where Sy Sp ete, and Ty Ty ete. are stimuli atlecting 
difereot receptor Gelds, RR, the teil resparae, both 5,8, ete, 
and T,T, ele, being repeated situations or stimuli,” For 
‘example, Tood and light ate presente aultancouay to a dog 
fon a number of successive occasions. Here soccescive pre- 

Sentaloas of food ae teprennted by the © tm, aod 
sueceasive light stieulations by the Terma. This i, of cure, 
the formula ofthe wellknown conditioned refx experiments, 
{in which, however, an additonal T term is introduced at the 
fend af the series srithot the S. The light is shown without 
the food, and if" learning "has taken place the food respunte 


advantage will be discomed later. 
1 will be seen that type C is simple developraent froc 
the primary type, Deing built up trom it by the addition 
of a mimulas affecting another sense orges. Tt pesos, 
of coume, the existence of at last two kinds of sense organ, 
‘while seice of types A and B may theoretically be, and in 
fact are, found where thace sre no mcly diflerestiated 
receptors at all, “Type C then preseppocee an organism of 











Kinds of receptor bat also beowose # mast posirm a nexvoun 
system adoquate to effect the necewary myntheds of receptar- 
‘Gata, Ht i further to be soted that the internal reoeptary 
ofthe body, the proprio-ceptors and possibly the enteroceptors 
sso, may conceivably form the second external seceptor fed. 
As 4 matter of fact Kinesthess, the stimulation of the 
‘Proprioceptory, generally acts us = comploating or third 
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receptor falda last in experiments on rector leaning, where 
ft has been found to play ax important part. Now there is 
Bo readily occurring theoretical reason why “Fearing ” of 
‘he “ amociative’” type should wot occur between two mala 
svcepter felds, one of which is external and the other kia 
festbetic. “Such experiments as those of Miss Swartz (129) 
‘where worms were trained to tum in one direction ther than 
ttnother by the tae of an electric shock perhapt provide an 
{Pproximation to sock conditions,” although itis aifcalt to 
Know how far tactike eimai are invstved 4a this type of 
it. Tm general, homever, even the simplest action 
‘of any of the higher animals i accompanied by an extra 
ordinarily complex nens of internal and external stimelatioo, 
find indeed the coaditioned refx experiment, which Pavlov 
ontddered to be "the simplest pomible cae", has been uhown 
bby Beritot to be a highly complicated affas * (1934). The 
foronla by which the elerentary type of assciation has been. 
represetad the dees an ida which can ere, pep, 
Se etally ceed in which erect i ental of 
Learning in the mode of type C, the simple auocintary 
combination, may be forther complicated by increasing the 
complexity of one of the stimali. Thi has been done, far 
‘wample, in the puzzle box and raze experiments. By thle 
means complexity of response is increased. The animal, en 
fiat being, placed in the maze, performs 2 very complicated 
tries of movements which ceases when the reward is obtained. 
‘This eeties qradually becomes les’ and Ieee complex until it 
attaing the most limit of simplicity compatible with the 
given conditlons, But though such experimente present aa 
apparently diferent peobiem from that of the simpler cane 
‘tioned response. the two are ofan essentially similar nature, 
‘m eich there are two fundamentally contrasting sets of 
stir, the “reward” and the " nonzeward "In Ohe two 
types of experiment these are food and maze, food and light 
respectively. In each a necessary part of the process of 
learning consists in asvociating these two diferent stimuli, 
in peoviding, in atber words, a motive” for the maze Fanning 
1 eck (is) mahinows epients te tr foram a 
Being worted wit ie ctr reek, wie Paviov’s eign 
expense cour mood & Gaabe epee Ben 47. P38 
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ts ether the spe cases 
Soho, nomely wtb rh 
Betwees the two and representiog an 
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‘itary oc “ closed” exponse to « highly involved sltestion- 
‘complax whichis of a serial ature but which typically contains 
1a tepented cements and tos no peasblity of ” improve: 
sect”. Tn its purest form such “instinctive” action sou 
appeal Aged and coenete at of well eervation, 

(or what not, on the few cccasion that the total 
‘Alnus complex ib presented. Tt 
reflex both because of the greater compleaity of the stimulus 
that calls i¢ forth and because of the greater complexity of 
the response. It is at Koffca and others have potnted out, 
‘more than the arithmetical sum of a number of redexes 
‘because each individaal action has meaning only in telation 
to the whole. That is to aay. it is w totality, « tnit-werim of 
‘actions, Hove far the actions of the lower cepuntams conforua 
fe tha pate i i iu to my. We know mah ew for 
‘certain thout Instinct than we did thirty years ago. But at 
‘ett enero ta towing sx ee ng 

rane my Save eae, and teri rong 
pony ta ‘at Ist an appcoximation to this pattern 

Suva eit in any fora of le 

we have a departere of a diffrent kind Here 
in abort detdopment ix the duecion of pester omplaity, 
Dut the carpleriey is of a diferent order. In place of 
combination of serial rexponses into coe Response, which 
‘appears completely integrated at the frat presentation of the 
‘eceesary serial simolss, we have a total resporse to « very 
‘pec af Staion complex, namely coe thas mude 
Up of temporally disconcected sinidar elements. Or rather, 
‘we may say that objectively the stuation calling forth the 
‘esporae is temporally diserete, but in relation to the organism 
in the tarms of introspective peychology, eubjectively it 
1s connected, anifed Into a single situation, “We speak, 
Andeed, of person or an anizaal" connecting ” what happened 
yesterday with what happens today, and auch linking mp i 
Considered the mark of a higher orgenien. A mouse hat 
“learned to ran 2 simple maze by Saversing it, lt us 62, 
‘ftom toes. From the point of view of physical science the 
sccesive silmalurcompleses formed by the theicedaily 
[Presentations of the maze are.diserets im tine, As stimal- 
2 foe Barna (1920) St a aca of the peor conpticn, 
nereating nample tet on Sunieg alte are tbe Sd ia 
‘Whee Ce 
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‘ncdatlon-Lothesmcnse they most be cosidered in consaction 
‘wit each other: aod salen ther oscars inthe imal sme 
Kind of syathea (o which they are raat, Jexing cannot 
fake place! AS a matter of actual fact Bowe form of We 
‘that Exe proreond slag thi ine of aavance ave apparetiy 
fend enue imal et ae dete Fors 
to siteatios of a greater depree of complonty thas those 
shi have appareatly progresed fartbert long the other, 
“jatnetive ", ine, azmely Che inuein, Weber this 3 
‘an inrvitable coomeamnce of the two forms of tempi, et 
‘whether ft isan sccldent, we are not t present sn the poston 
{ony :" noe i germane to our purpose tu exquire This 
‘weave enabled to face the evlutonary gents of larsng. 
with the dampest reaction of «ire creature, 
‘ther is gradually developed by the acquisition ofthe requisite 
Tructarts the power to adjom to more tad mote 
Scie tnt "ful development my take place 
vevera lines; ft ay connst In the Pelt of & ome 
tore eficient response to A tore and mort complen 
ioe rte vn 
‘eing som by coutasting the unicallce with the 
fii, with their ansch vaperioerecharten both of 
ination ant orp: tare muy be deve th te 

















premumably the case where instinctive activity exists; of, 
lastly, there way come the sity to make « united total 
rmponse to 2 still more complex sitmation, contiating of 
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‘where reponse of the tspe af negative adaptation goes over 
Eto moocatln7 ‘Ths vas the opinion of Loc (ape), for 
example, wio maintaived th at crtain points in the animal 
teale there apprare an entire'y ‘ew phenomenon, joyce 
IBewory, whit the mark tht peyhic provancs te prone, 
Similarly, J, Holmes contrass adaptation 25 nox-neligeat 
‘nhavion with the formation of fast, wbich he saps aed 
0 the raking of aaocations (2641 p. 9." Pieoa, on the 
‘tier band, manta that the cferenee is malsy one of 
Sowmpleity (530, pr43) There can be m0 doubt tat he 
is"rigst. For conser the evolutionary prototype of the 
higher organisms, tazvely, the escelilar nina It con 
sist of Telmively “undiremtiated. potopiasa in ‘Which 
nach hme that ing ote, tins 
Py . hameve, that iw ving system, it functions as 
fC anity Whatever action a protoscan makes, whether it 
1s "chasing " food or meving aay from a2 item light it 
makes the ation ab u whole. e's not the case that one-all 
ft the aniral moves towards the food, the other alt away 
feo it, of that car part Tovey towards the light, woother 
fat x angle to. Furthr, the posemion of recepos call i 
Nghe zai ins 80 novel seins exctaby, 
‘The evaltionary prototype ofthe ees the receptor is 

the goraally exitable retoplasm, but there has taben place 
an aecentation of the prwer and lkacy of exctabity by 
‘ertaia. Kinds of simal. The main fwncion of the reeptar 
ito lower the threo of exctabity oft ae for one hind 





‘diprowed the contention of Sols (gn nnd of Day and Bey (651) 
(itt perumeciom on lars. 

1 Chea. Jeanigs (eyo) the paper ox mepiana whee [i ined 
(Ca naeeelar erp Pekaree an» ty. 








Feral wit the development othe meeps fhe feed 
[everaly'a more eficiet mechanism of trabscision and of 
ie as agra «revo te, em my, 
Sale iotor oystem. Yet even thee ae but developments 
proper crgally posessed by the primitive under: 
‘ated protoplasm. Thai faction to maintain und improve 
an alrady esting synthetic power of action, net to cee 
‘ew power." The ila reaction o repion ofthe saul, 
‘he pata transla ot conduction of he rnc, and the 
yetar other end-gfac. ace all ocr that cat in che 
find the same living stroctre[amceba)" (vd, p. 6). Chea, 
(hen, what will Inter In. the evolotonary seale be ino 
ts" anocalive memory", the integaton of, aad wae) 
Fraction to, the stimal alfecting two receptors cannot be 
egurded asx novety.. The burden of poo! is cettanly with, 
{ose who claim that, whea concentrating. the process of 


: 





sivuationlements encocnter the organism an integrated of 
smsecated response must indeed be made to them. But thin 
integration, it may be claimed, is not tbe same thing as 
‘association, whereby at a later period of tims one situation- 
dlement ia foand to keve take: upoe itself the response 
‘riginally attaching to the other exly, giving the power of 
 peyebic insight ita the fstare. 
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This, of course, asmumes the point af issue, There is om 
‘gzaminatian po rason for balaving that there is a qualitative 
Gitirence betacen integration whereby a gmied response ik 
made ag the result of simltaneoutly excited receptor and 
‘that by which a unided (earned) respone w made ab the 
remult of swcosscvaly excited soceptor. All iotagration ia 
fur dtmensiceal, iis integration of arganic processes, events, 
‘carrasponding to extemal changes that are four dimensional 
tbo. "Space and tine spring from = commen root—the 
Ultimate fact of experience isa space-time fact ” (Whitebead, 
oat, p. ipa). In certain canes we aze able, by a process of 
betraction, Lo consider the external events as sezultanooun 
‘and as relatively timeless; while fn others the time co-ordinate 
is too obtrusive to allow Ghia, Time must be regarded #2 42 
abstraction from events; prominence of the time factor cannot 
‘be considered a» conferring a unique quality on ocrtaln 
‘Shave roses "Ts te tractre of thd space ime 

1d space & mot finally discnminated from time” 
(Whitehead, ibid, p. 173). When wed objectively nuch words 
‘ts memory” have only Deen made weceesary because of an 
fneradicably cld-ashioned abit of thought, resting on Oe 
imate abstraction of tine from events. Tt, then, we 
the act of auociative memory ” not in itself but 
‘together with the preceding acte that go to form the total 
evant ueries, we have « anifed total Response to 3 four- 
imensional Situation, requiring foxr-dimentional tstogration 
‘of neural impoles. Such four-dicseasonal synthesis we have 
‘oan to take place £0 every act of integration; itis anky by 
fan abutraction that a purely spatial integration seers posible. 
‘Once, then, granting the msential similarity of tbe underlying 
recess, of ‘unidcation in what i called “ intagration ” and 

M gmociation " the uniqueness of" association " disappears, 

or example, st any stage of thn learning process all the 
‘cts leading to the formation of a conditioned refx are related 
‘to form 0 unity, while the sucomsive presentationt of the 
coreponding situation, the bel-fond eneaplex, most likewise 
‘be coanidered at fousing a single otal Sitesticn. So that at 
ny presentation after the fem the oosnd of tbe bel wast be 








{he bel spurt of hb Coa nti, pncion Cot is modied 
‘cooringly, just as eatin to any some may be medial 
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bby the total situational context. This 8, of course, what 

Integration implies, that « response i made to the total 
ituation, 0 that the efect af any single clement of the 
Situation may thas be diferent according to the nature of the 
total context of which It forms part. Now in the cave of the 
bell-food complex, the rodifcation of bell-response which 
faker place becrssa the bell las boon inladed in 2 ew 
temporally extended cxntert le called the process of forming 
the conditioned response. Objestively speaking, we bave here 
‘bo mystical previsin of the foture, but rather reaction to a8, 
element which i part of a total Situation with ite roots 19 the 
‘past. It's often said thatthe bet serves as the signal for {008 
{0 come in the future. {is mare corm to sry that che bel 
‘na become part ofu total situation extending into the past. 

‘To take another example: A cat responds to a alteation, 
‘in which a chair and rilk on the sbeifforst pet, by ji 
fon the chair axd thence to the sbell. A urtitary, integrat 
‘ptm has bon eds wt comle, dra Te emt 

encounters © Figg er with Bb eavcer 
rill an one day, the same combination on the next, und an 
the third day hears the ringing, bell in another part of the 
tous ted cme thee oer gh 
snpuin we are not "2" conscious " cannectien—ani 
‘runs to the saucer. The unified response on the thir occasion 
it pat of a lrger unity conpraieg bebavieut on three days, 

In'view of the modern doctrine of space and time there can 
bbe no reason for postulating that’ soch connection” is 
sorochom decent {om the central enifyiog, proce which 
‘takes place when the cat jumps up for the milk. There is, 
of coune, implied no explanation of the mechanism emplayed 
in the two casex. Our ooncern bere is merly to make clear 
the fact that there is zo reason for amesing qualitatively 
flrent mechanisms to be operative in the two instances, 
{in remarkable thatthe cat cara to the sxe from another 
part of the Rouse: itis equally remarkable that it can jump 
‘ona.chak tojget milk. The one proces ie no more astonishing 
‘han the otter in suite of the fact that the special name 
"lmrning " has bees given to i. 

Tt may be objected that at the begianing of the 
etiod the integration & not complete, and thet it Is tbe 
inaction of th Inning acne fect « radal 
Ronis of uarvom impalaer originating io the two zecaplory 
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ee ee iota nee 
‘developed in the dog. At Srst the impalses from the auditary 
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{hn banana which were matancowly preazied in space, 
‘The animal's reaction isto Ghe total spatio-temporal situation 
Inclading these thes speciic elazents, which the crestivn, 
Integrative activity of the animal bas intereated. In tha 
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sen ra th imal ang By ception fect a alr 
Gceative integration Involving the ecalar dements Un 
peu iene; be Drees whet per foey i 
‘Slat knppened yesterday, the iderence tog that ew the 
tempera" ttre the" spatial” aspect is mace obvious, 

1 sany he Be repnted tbat between the sctiviis wry 
considered to be dos to spoal proce of learning 2nd Sone 
erucally considered at simple tesponse thee & a farther 
arale in that each cass of acy te typeally conservative 
the living eystem concerned. Profesor Haldane’ ditam 
‘Bay be repeated frm the last chapter” Blclgy must take 
an the fundamental working ypothens", he tuys, "the 
‘aiption that the organic dency af a ving organs 
Actively malntlcs star tn the midst of Changing tetra 
‘dreomstances.” The external stl are the changes 19 
fxtemal deeamlances. The responses are the rewltng 
‘ulanic diplacements, which, says Haldane (io gereal, 
‘work ctivdy in the diet’ of Ue msinteance of the 
reaction, In general respoose tends fo the zatenance of 
ie in "io the erga’ advange "1 then, learieg it 
adjust tow atuntion ofa spec der of it 
should be to the otgasiam’s advantage; and, as, we Mave 
Seen, thi is ordinary so. As was Seen eater kx ths chapter 
‘ok every Kid of" modieaton by experince "9 exdsarly 
‘ven the nazze learning, but in general oxy wach mostcation 
1 teods tothe organi’ advactage. TSW eae of the meat 
ttking flaring becomes at once an nstration 
the general rla that Haidase bag id dowm axa cogil 
Pottulate ‘The protn of the Direction of change in learned 
‘tivities, which was see i the Ast chapter to be ne of the 
‘oat parlng with which peychokagits have to deal, i thos 
Uought unde the cans cf edn biclogea toght. 

‘Shesial Crit of Lersing.—Mestica ould perhaps here 
tbe made of certain other speci cere of learang that Bae 
‘ecm implied or proposed. to tha very ele book, Th Anal 
‘Bind, Mis Wasser sce to make « dstincion interes 
tempowry ead “selativdy Inting ” changes of bebaviot, 
the latter culy beng clawed a Teerng. "To begin with 
‘We shall dotingulas Netween thane madibeatins which doped 
some comparatively lating slteratica ia the axguaimn (it 
servo systems it has one) and modieations Wich are 
‘due to 2 change somtilly teuporary is itv characte, is the 
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Phywiclogicel state of the organism."* In the same way, Day 
‘Sn Botiny wate Uns Modi “ot nal te eu 
[eh of erting. Le oggse ening only when it pened 
by theana and weds nsec wpe cae” 
{ibe inepte of has Wastbre's important eodarnmest, 
1 ekano lve that tie dation bee henge" e- 
parliay lating” ad thon “ensalyteporay i Chat 
Sita eeclentbaly val Many ange of beh tant 
trod undocbelly Be ciideed ta due earn eof 8 
ery temporary nature. Ths Pavioy sxe the eunecent 
ete of coudtoed etna, tick 0 eately lard 
espenee, Soiakatlycompice mo costo fom tt 
The condos inthe word stead that Cat complex anid 
ftom which tal vag fat ad ata Oly Har 
chance to establish dynamic cquilitrium with the environ 
ment” (1927. p. 25). Hace cis semgeciny meters ot 2 congenic. 
hangs snctrenponding to tecporay Ganges nthe ron 
‘nen pot dawn eva Guinguing Carnet of uring, 
Ih ce ane ti ts oe Se 
es ins cern, oe og in aay, 
ie aother ay ive ors otery, tu terion teers 
ace ls oppdte dos aot ses suficertiy eer st to 
atk's civdtg toe. ‘New & hey « pot of dvhion 
eeqoen inant tan erred activa 
Wentlo ald lobe made of anther ero fearing 
Tab ea cay te ppl eae hee “a cotlng 
tom ‘ote where ott 
rv enter rain! by race"* Te timate on 
ectomical erin ca tat not the aig of Ge 
Cryusien bat the teunng of t-norm sya cones 
Iikning One fens cat sick «lotion, wea sone mat 
of belsvour bot of te mechani of bebeour, ii ie 
gta degree athtrary, snd that wlcatly adits that 
{atthe benicar acto ving ne can be fond betwen 
What cantata and wont does act centile hers, 
Mpegh—The dacenion natoraliy lus othe coeraion 
Gatngeing chance 
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scribed to naming, mamdy what les beeo called by the 
Gestalt achook Insight. Ths term is wed to dinote the 
onguuization-intoa-chole of the total sensory and suoter Sed, 
A total fal wondd be experimoed wulboa insight if ul ite 
several states, wholes, atticodes, cic, ware sixply given a3 
‘pattern, in whleS gone was tlt directly to depeod pon any 








sbout, discussion being confined to 
veatement and description of the fact, chen at the worst a 
Amcription in phyaslogical toms il be looomplete as 
‘thowing the fact and not the cause ; unlearit be matatained 
that physiological ganization plays 00 part at al, 2 propod- 
‘hon which wven the most bardy ant+-bebtviourst will scarcely 
malatain, ‘The phenomena of “Iosght” will then be 
considered objectively, leaving for other to dieu the 


3 We Hine 2908, 2 a7: 
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[tion Deween the goiely pyaia phonamens snd those 
Knows as “ omsciows ". In thy eanneeton afteation sboeld 
be calcd to the fact thet a mudea spurt of earning, indicating 








‘ta’buman behaviour in which kentiona! synthesis ie apparently 
Involved. ‘Since agais such an ideational proceas, even if it 
‘ccar, i of secemity at last accompanied by a corresponding 
‘physiological proces, we wall keep to the sure phystloglcal 


fraun 

‘Now when ouch learning tales place as in Kohler's experi 
sumat with the chimpanzee, does fe not seem reasocable to 
ive the name learning excinsvely to the "intelligent " act 
of spate by, which Shep ls ved The eal is 


Spee fare ey arial 
tale mea 
ae 





vec Ht was, was relly “ learn ich will 
fof the solving and understanding of a problem rather than 
‘the pact faring ct Uae animal ia azn oc paso box? 
The hypothe i attcactive. It asema to Bring back Gn 
intetigest animal that all animal lovers now, and which bas 
‘been riven out of the house to ave its place taken by & 
franture of an aknost wacanny stupidity who cn sever do 
leaything right except by the process of doing i€ wrang Ast. 
There one doubt that the Insight " animal is more attractive 
‘than the "trial and err animal. ‘There is sll leas doubt 
2 Gf, Yarn, 2908. On thin int othe dneadon of Benes 900. 
1 Media, eee, 8S 
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at the “insight” baby is preferable to that somembat 
<iling changeling, the“ ial and cxoe ” baby. 
Fortunately, however, it does not seem necessary to choone 
between the baby or the aximal we love and whose sutal 
‘precnates function by Insight, and the scents baatliog which 
{b generation of faithful seentific observation has given Us. 
‘Tiny are cnally the same child. Foc the maze experiments, 
supporting what may be called the ” zepetitve theory" and 
‘he Insight theory, are cealy atresing two sides of the samme 
phmemenoe. Learaing bas been defined ae the ack of aust 
‘Bent to a coplex repetitive atuatioa, Ths adjustment 
‘may be elected quickly, by a relatively sodden readjestzsent 
‘ symthess of the neural slemeats iaveived, oc t may take 
place gradually. Tt nay be that there are involved in the 
frat cane conscious which are absent in the second, 
but tha ls no evidence thatthe objective diernce is ex 
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sppcontcately true thet each integration 1s completly 
determined by preformed nexral pathways, for uate cont 
Ginn ae ever Orie recaely the mane. Syathmas is 
Darpetaly Ia process of pertion in evry Svog’ organism | 
End the Nghe the gana the race delat a meptor, 
ti theme ficient ks nerrowe system, te move compte 
ir this coutnuocaly varying syntes, unt we cooe to tbe 
tuman blog and pchape what Kant bs called the syetbtie 
aly of appasceptcn From the very fact that te og 
‘rppeam 90 seating that (© preserves ts Own parca Iie 
‘limb, every creature is pexpetmaly sagaged a its own 
Itleroccanie act of ration, whiek bins aboot the ysterat 
bation ofits own Ate corer of chao, Toe Citerence between 
{his act of vyntess aod that whichis erly tvelved th 
‘ep uaig a whee oe aes eh ay 

IMD. ryan acto, can be acorpled in pride 
{tw onder of teaction tne, it eto my, oma few Mendedtsy 
fs stond par, inthe ober nathan may taba 8 
ag feed te. At to emer, al acons 

eninge tn the gees ‘yates etiry 
Teach casa new factor troduced necentating 
‘Nomtain organic reeystematzation, with nyse dace 
ent exdinary called the rapoese’ Ta the Oe cate the ew 
fete, consti the Change of extemal cobdtiony, sof 
fart duration and cocrs once only inthe other the new 
{acir, he total Siteaton, clon salle cepeated ituationn, 
land extends over a longer period often, wae the roqiate 
‘renatioation cere lenge to ec. 

Repeiive leasing thas epics synthe, which thre is 
no reason to beavetiferert fom tat ioveved fa wuden 
learning. The work of Rébler bas perormes a rant valuable 
Avice iy focuming attention ott the ayathatic wpect of 
{cating toe datiogliing feature of the staatios be wed 
Delag that they were near the anizal’s Unit of immediate 

and that the goal conld not be attained st 
{hn oyutheda bad bn fice in tetively al form, 
Sati we tentacle 











bby insight. In the iter case there may be sniqoe 
correates, with which we are, however, not bere concerned. 
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‘And evan when there a tical pat in the learaing sete, 
‘where sudden syatheals may be belt co have taken place, yet 
{repetition is generaliy necenary for fully cent performace. 
‘Thun in the experkocct of Kéler's to which elluon has boon 
made we Sind that when the test war repeated three dayt 
later, Snitan, the monkey is question, et once performed the 
(tick without the freiminary period of delay. seern then 


‘lndvaly fly formed a the tet Amitog th sng 
‘ater of Koka’ examples, we shal nist tat hey atleast 
Ieply improved perareance co repetitie. To tem arsing 
4 tlimately ove of conveniene,” We shal tha ince the 
olen af repens dealin, ad oped any lean 
‘rhch may spparenly prsat «carpe fd uninpowaiie 
tol lacing ut one eestaton id when ath oeae= 
‘Sing eae 
Laring nd. Parpo—As the toc is adiusty ed, 
learning thus implies 4 series of reponees to nicceaive situations, 
Topoue, te el ert of oath tapers Saag ta 
ste ttl et roa the 
aoe to he tl ae ncn Sta Te ha an 
tow tht ater teponuer tn genes! (ones, 
{he total sro ta orming Sanity hace Ws, th, 
‘we speak of learning we generally, pechaps always, icoply 





‘Thus there appenrs a certain similarity to the formula of 
ur lant chapter, where was discamd the tatere ofthe orpenic 
symantec displacements characteristic of what is known ts 
“purpose ".. To each case the series considered in gach that 
Inter terma imply wider onan, ad in each cate the succesdve 
terms exhibit 4 gradval appraximation to the end result. 
‘The leering series doe indeed bear « fondarmental resemblance 
to the total set of actions of an ecganic=s which sets out with 
‘the " purpose” of ebtaining food, goes through 1 serist of 
partsesponser to the waricas elements of total situation, 
3 Om the analogy of Calery, ic ix couvanbat co en Reepoate to 
Sndtatin Ce ued oes of patenecen or elfen 











yy thes costes fhe karoge 
Us peo on pen tne prj ate 
mpi at one pio lestet 
Se he leasing sab Gat ae gai cae we 9 
Tat ving ne ean be drs betwee art an sete 
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indeed, the acta is aot properly daecibed:: but the contert 
‘stretches out in oppenite directions in the two easea, A learned 
Setion cannot be filly understood without reference to 
‘previous expericace”. Thorndike claimed that his txined 
cals wate apposed to be mece "ineligest” then thay 
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sactualy were by the onlooier who bad not been gravest st 
he eraising experiments. fx the ame way the peycho- 
aualysis have inaisted that many appareatly meaningless 
‘ynptoms of neartics mast be refered (othe past experience 
cf the pation, or, peaking isthe terms ofthe presnt ohapter, 
to the proceding terms of the total action-srias of which Uiey 
foam part. To say that the cat is trying to open the doar ta 
(2% food, « osuge whick has univer sanction, & to include 
‘artain actions of the cat within a unity : though the context 
‘is here parpotive? not one of Learning; it further to 

Gf certain terms i Uhe total seri with reference to the fa 
tur, which fa the taking of food, 

‘Te will be realized, however, tt, fundamentally, and perhaps 
somewhat academically speaking, the diftrences betmeea 
“Teaming” and" parpore” are convenient descriptive 

atinetions only, to no functional gap. Both 


Eelimenaa pron, tare sje to «comple ot 
rev, ito a com 
(ocediennondervcesnstal condi for Praca pe 
‘ons t's sooveiet to give the name laring 0 coal 
Sig ha he ene capi sey rd 
a0 voting nu ve repeated” 
Sod where we wis to cones the Dage warty 
‘Sijurzaent alae heel a the al sat of darn 


fut, 

‘Ta Uni-receplorl Learning Possibe 7 rial nooo shook) 
‘be given of « prablem which cannot be suid to be In any wy 
solved, bot which risen questions of grast interest, It concerns 
‘the pomibilty of wtodibextion which ideally involves one 
seceptor Beld only. This might be called unireceptoral, af 
‘cowtrusied with plusk-ceceptoral mocifeation which elects a 
seyntboxisinvalving rapulses from two ot mere receptor falda. 
‘Whether auch modiScatian should be cad learning i another 
matter. tia really question of tessinology, If the opinion, 





1 arent thas the eae f he er“ perponte bas Bare 
snbjecie Sepleuioes. Tt mot by o> exunianton of at anal 
(ce person comlouraom hat we are sasiied apply the tm, 
‘Pusponive to mhat be done Ox chs contrary by as amination of it 
[Stteteur many pepchelgs ol tht tey Can abe ora. arom 
shone Ba tats ef couioumesn The prevent aiceunt pelo 
fives oc the tacts f shore withent ‘maing the Laereno, 
(Tapas (eae) fr a cbfcive dont ot pepo. 
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of the present book be adopted, Guat Chere is no qualitativa 
‘brea ih bebavion: between the most primitive response and 
the most camplicated instance of learning, then the problem 
‘sone of arbitrarily xing a point sere a term of cnvexioio 
‘ball Sst be applied. “The srmple action of the amexba to 
food or to light would be considered by nobody to be Fearing, 
‘while the praceas by which a cha aequlces the ability to read 
‘would be to styled by everybody. Between these extremes 
‘toane may prefer to seta dividing line ata specific pot bat 
it ia a matter of indifference jast where such line is 
are, 

‘Now there are two beoed poulbilties for such exixaceptaral 
rmodidoation ; the eeoeptor ead may be primarily involved, oF 








‘ox 
ode Hk pty ata he So eg 
ape to, play an unportant vO as 4 ble 
tele the otica wos and the enasicn (tg). erhape 
Abe Highly higher age of complesity we may bate made. 
tian by what in know a" ene) cepereation “= It 
oucebabie that wach crpunnation nay Evolve proces 





smccessively exposed with an angle between theca Uke the 
hands of a clock, with the proper conditions regulating the 
exponarm, not tones but ant ine is seat, moving fan the 
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phecooence, which i tthe bas of what i obuarad a the 
[Roving pictcen Motion ordinary takes plas in he ection 
of thy ttle ange Seppo. fo example, that oon Hine 
Slants oo. the ote an in Ue imtraton- Fi 
ction hare takes pace i The ovine £ 
‘Brecon, It, boweve, te ange COB ix 
iadvally icronel, rockon wil mail tebe 0 
fen in the sume action, cven when the ange COB is 
. ‘tom preter than eoght angie, Wit 
ND EE ena tring the ee 
Bierce ie fa contr 
e B clockwise perception. “The strength 
af tha wotkiog of pedopison showed ial ue vomewtt 
fieren trom persn to person, anda dependent oc the 
Sumber of pe cxperinegin” Wilh one obyerver 
‘the phenomenon could be demonstrated up to an angle COB 
of boat ro", wi anotbes up to one of 130" and it could 
fren be inicad op to tm ang of 7s!- Now these rats 
Se of couresabjectve, ivering a> they di the eons 
ta oe ere,‘ ep Sanaa 
cares 
omar of pyctiged wang te hn promt 
our knowledge, impossible to define with Taeaade 
Wertheimer’ acount acorpte, it sppeee prota iat it 
Sr iam put af thm central bervoas eaten that many 
“perceptual” in its function. The training would then be 
resiy 2” perceptual" ne, invoting pao of Oh contah 
Servo apetumwhete matin function i tha erganisstion of 
the kiples onatng in the receptor, the“ a 
to oe Kokin's term Sach rary ot inreecrptoral 
‘rpaation plays ale prt in Gaal thay” 
Seber (er of wabreceptoral eodication may readily be 
‘imagined, It might, fer example, be possible to " associate " 
{Cunger with a wake mass fhe soe ceptor fd 
to tat the latter wed ally come to cae a rcp tat 
originally followed only fram the former, something as when 
Sfumaliy dog comes to ran sway Som thn Gast sound of 
Shoe "Tae pejcology of noch casea Is at prowat vey 
‘hrcere, bak there gems tle Gout ofthe extence. Tae 
‘le dscuion aosid be oper x woman tonttin, 
1 ire epi ace tet cere’ roy Wh Favre 
“sig get nt ncn Oat 
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rn plone wath hove ike hae erp oy 
i ney : “Spiced bp 
fh af tae a ine tang of smtce Te enh 
Pimapbe ead tn tars ning (ope the pour 
{hat wan conocer “ecg eco 
{oo aim takes fac. Suit apeaing eth" peopel 
CSguaton = tid petage the be cnre a erty 
eetong ony part Sta teal exmervetre epee sopra 
SARE SIS 72a be parte te te moat oc 
Sraroctae ura neapes "Te wed be ove ofthe ena 
Sitting rather We apace oe of Iteage Ths 
thee «eh lan ed erty be pct ogee 
TH ihe optics oe et ete ete tog 
Tubtag thc es sy sunecnttohemade jst oc Seo 
Swett the Sailnet rete tavlved wt ey the 
"Mhuiyae' of the kor cntnaed aman, end 
soc withthe epee, bots high cope of tine 
Sut a id om te 

onthe rate thc higher onan 
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CHAPTER VI 
HABITUATION 


© Aamo td sever yet men ne, we he el wit i for 
‘he fie time in the free War ms highcond that he wera G30 
‘rh fear, Oe his ety wit Rise fr ty neo ha, be ae 
‘Boch alarmed, bot sot tthe mune ect ae 





‘Worry a shadow ix thrown on a sea wrcbin the animal raises ta 
spines. Ifthe stimula i repeated thres or four times visible 
‘reaction causes. Such response bas been clashed ap forming 
an actiowseres of the frst type, tbe stimalos remaising 


vo rane i foal 
Apvioly ied compa of te se End lg be 


‘Mustrated by the traciog ox page 141, which abows the 
fleet of coutioued tapping of « tortoises shel over the ight 
leg. The response may be observed to fall of rapidly until 
the orginal stimalus produom no visible fenction. Tha 
structores concemed are apparentiy sll capable of reaction 
to the same stimulus, a5 may be ween by examination of the 
later part of the tracing, which shows the eriginal tap again 





adaptation ”, These are, of coure, af hoe terms; one bas tll 
‘to ack what has happened when a tarde Decomes “acell- 
mationd ” to a tap on the shel. Az enmwer seems to be 
‘rom the previous consieratons 
Ti the thicd chapter ocganiens were shown to behave io 
general ax woold be expected of systems so ongenized that 
ternal changes disturbing equilibrium are iclowed by intra 
systanic displacements leading to a fresh equilfbtam which 
at 
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(umda tomards conservation of the disturbed pattern. In the 
example given of habituation the cxganisn was at fest with 
‘eference to the environment ; Uns state of rst was daturbed 
by a change of illumination, bat upon persistence of the 
eternal change a state of est was recstobihed. The 
‘cases of Pabitsation then iastrate the fact that when the 
living system has been disturbed under normal ? creamsances 
‘here are latlated by virtue ofthe organization of the tyetam 
interual systemic peocmases tach that « foch oquilbeium i 
reached, "Farther, they lustrate very coaly « characteristic 
propery of biological equilibrium, Tbe process tends. 19 
goer to conserve the Biologia! pattern a it ws bere 
Gaturbanee took place. TS it does in two ways? the 
‘elimination of  vseless"" movenent is economical ot the 
‘energy reserves, and farther, a8 far as visible movement gots, 
‘he original uction pattern fas been restored. We may my 
‘hat mechanical eqhiitsium with the environment tas been 
ecestablibed. 

The statement may be gonealized. Habituation is om 
natn of eh ts ra of aang rn 


Thi of he Phewenene The poccrenen Is of ¥ery 





riteqred qemees_ org ro Boer“ 
reflexes” rapidly degenerate The anvertion bak 
{ond fon mete the Permmeon oan 


(genoraly to be observed on repeated moderate stimulation, 
(Geld, (uy, pp 24s AL tas bn heared in 
‘masse of all evolutionary grades: in the arocba, the 
sranter, the vortiela, animals which are al cf them single. 
called ;' in the slightly mare complex hydra, in warms of 
‘various kinds, parasitic grubs, barvacls, ven urchins, moagulto 
lurve, bivalve tolluses, varioas primitive marine animals 
00h as ea aerones, in Land and water snail, leeches, frogs, 
dogs, turtles and fies, and furtber io various insects such as 
fants end apidera* Ft is a commonplace of aninal training 

1 fee CAR, 2904, p 236 ead chentare for » diseution Of the 
megane of" normal 

‘Govt by Hemprimaaa, past 
1 For the papers Seeing the exprcimants we: eyed, 26 
1.40; Folger, 927; Jeelng, tons, P29, fanet) | Jemlngs, 29 
(nator and vores): Qe weet bas percesily aiereed “e+ 
2ebitaoe” tothe later): Wageer, gag tym): ew. 18oy 
Marys ro (easels); Verba, toes (arses Btn); Waller, 
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techulgue, whether 2 “gunahy~ dog ec a ““motoraby " 
bore i beng tained ott of am wivtssiable reaction, ef & 
fou of they ore berd cf cows “learw'" to gaze co the 
tmbankonent of a talvay wodistued by te passing of the 
trains; and in buman begs wehave the same a 

tf cian respones og appropriate vepetion of the smal, 
fe Bd response dropping away when the anltory wlmalis 
is repeated, the mpegs oe Cemting cf the eyes that 
‘eal from tation ef the body, cagppearing when the 
‘periment perforeed x alien cmb of tte, the 90° 
called" peychegalvanterefex” toa bell or bauer Gimiising 
fa sero; even the ines rk ft cia’ often enough aad 
tt afable Interval hows tendency ta lengthen lt react 
ine wb ian iy, ae ane inn 
When we come to activites rimariy en 
in the haman beng ‘re excetinghy nemerour ot 
tvayonet penn rpaeone We Cass ts Botce= the 
‘wigaalyunutent bel te ticking clock, tbe presure of our 
Sotho he naan ofthe wateralThone whe tive in the city 
hardly perceive the cla ofthe icf, aad there isu petty 
fara Goths recienial pabitaticn va tatemet ed Preton 
cocaming water onal” Soa ving 10 water shaded by 





90) (Glaerana): woe Verkat, geo ace arches): Nagel. rq 
(mata) Minick, rpg femterper (Callens, 100. 244 
(cweita are Jenny poy aed Komen, 1920 ben ancy | 
Wet etenydnllnghperial ge): Peron, igty, Rumphey vio 
(ana Gee, 134 ein); Miler, B. 5, ned Mabaly. coy (as 
Paredes) the woter asd hie eoleape, Dr. 0. S. Melvin oletred 
Sbtenton to reputed steslsion fe fog. xd the wry ithe 
‘muh rte, Aromochionyt deans (expecmeata vepaMed), TO 
‘hve abou be added oben 99%, pepchorguivanic rex I ian 
eet, 1999, a aaiyas of inal adaptation Adm, s5e60, 6, 
td tat Drea tp, Soe reson ands af Seaeey Mupatee” Ab 
(ind trong the agtoe ewe of he neve Walt and Heuston, 
opt. have inveriqntd adaptatice tp pec To may of tow 
sipeicems merece wil tar be peckely ee Mey of ae 
Shove eres sre pen fe Mas Wastbere’s efile uses! 
‘Tae renter tah seveed fo the eadite shaper of Fito (spon, 
[pp zet-nql whee roereoca nade to adlen of wanation ocr 








Ereny ether foram sctably Ge romdtve past! (p20), Bee 
‘mest apparel coudreed by caraie experiments of the Frstet 
‘writen, Vicious tamads G06) gone barack p20} a0d mae 


(hazy) No etesupt bas been ase eve 2 give a compote Wble- 
apy. 
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‘ees whowe tranches and leaves move to and fo Inthe wad 
‘ard reac at allio shadow, while wry Lively eeacthna wold 
‘matin inividels of the same species fouad ia «nce of 
ate abecltaly open” Te wou of couse, be a toally 
sojunlies procedure to atnane that the ann chain wan 
involved in‘ of these cases. In ac, the contrary i tai, 
Hibituatioo must be © very Giferent Ong in the amon 
naif etlated smabe, in the soll wih is elaborate synten 
of receptors, nervous system and efecters, and ia the simoxt 
lncmenvably complex human being. Ox the otber hand ft 
would be nqually anjunibabe and Sotroctve o all scenibe 
roprst to asi x iflerast mechanis for each case AD 
Zimatter of ct, the exact rate of every particular anism 
lnvolved ‘eed ot snd indeed cannot bere couse ua We 
Ae dealing with ax dementary conmvative Phenomenon 
cummen (9 lvingtyatems of many diderent grader of come 
DPleity, belonging to har pd sell conereng aYesu however 
hey tay ti ocpeiand, and it Se eller haceaary, noe 
the present stage of knowlege, pombe to give « complete 
dlcription ofall te procesen concerned. Tt certain that 
the habituation of a oxeceted stetor to the disturbance of 
dipping water a not ected by exactly the same mechani, 
49 That of the ancrone to the pod of penal or that ofthe 
fire to the ap ofan electric balacamer ; equally cera 
{Rin Wat each would be tsps without he austen af 
protoplasm with fs fandaental property of iectubity. Tt 
43 in toreting the sxe way that we may reeoglie that 
locomotion, igeation, end the ingestion of food are charac. 
terse conservative actvides, without wsderstandig’ thie 
intimate mechasiam in every cae Like the phutowsenon of 
‘nbitcation, thee latter proceses ae fooed is orgie wit 
‘re-syanptc and synaptic Dervous systems, td in thon 
‘With no nervous systems ab all; as, beloce acepting this 
{tet do we foe btignd to exquze int the pacticlar method 
adopted each cate to move Bom place fo ace, to animate 
obtain nourchuect, Iu cdr to avoid minaderstanding 
elmrence shoud, however, bm made at the cule to an 
important. general aidezecce of meciasiom, where higher 
cegevisns Ge concerned, iz the case of isbtaatioa. a 
trtnin cass the phenomenon de to proceied 
ccarsing mainly fn the ceceptoraynemn; in thers een 
fe bavew central gin. Toe forser coon are guaally seid 
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to be doe to“ seasry adaptation ” while forthe latter the 
term " negative adaptation” may well be reserved, We shall 
revert to hi pot iater. 

‘Experimonial fnslencex—In order better to extibit the 
suture of in core andar Sarai certuinexperinentt 
‘ol be described in some detal. Land souls of the variety 
‘Hake abate, which coramen inthe St Lawresce valley, 
‘yer Hace bythe weiter (9922 a ws aaken platform abot 
‘igtteen "by five by an eighth of an isch. By means of an 
Stet tachment this latter coal at Ful intervals 
be jerked lngitudially a its ball bearings. ‘The soll were 
‘hs aBowed price erty of Icamotion while they were 
fbjeced to om absluiey ‘constant stems. at tales 
{tervals of tie, generally fwo seconds. On being ft placed 
2 the apparaes the aisle were alowed a ret curing which 
hey emerged from the shel end Dagan to crawl over the 
eer "he cia dock was ther arto ad the fing 
Dogan. ‘The Brit rent was a whole or pata) withdrawal 
the hors (antenae), at each jerk of tbe platform on whieh 
they voted. Asa ganaal rue, 10 which there were, however, 
acer, the eset of Th epee radu decreed, 
und te" jeria were ‘olowed by no. apparent. reaction. 
Tolated rapoasen might indeed eceur afte this Yut-they 
tended to become fewer and fewer, antl a series of Aly of 
siny, inal, ight wea! vable movement, 
*"Habituntion "had etic. ‘Tas complet absence of erpanan 
te very ailing ia view of the contrast which it promt 
betwaen the bebaviour of the anal! at the begining and at 
the er of the experiment. Wh Sint plased on the board 
‘he animal is exqultely sensitive to such stimal as vibation 
ofthe table and corents of air. A person walking acon the 
oor will often camse = completa withdrawn! of the ante, 
the sam of doce in another part ofthe Duiiding may cause 
tye whole body to reise into the see. At the cod af the 
xpeimmt, howere, i may be diftesit Yo cxise compat 
irithdeawal. On one oceason 2 anal totally withdrew foe 
foorteen seconde at the fst jeck At the end of a serie of 
lations the aide was given a ad blow with « harmon, 








2 Tae ein te paper dmg thn exprien watdop 
sean semis Opie 
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spt tra 
dnswenchmeseamae= 
Peon dora 
with its body being visibly and suddenly bent every two 
SEM ioe cme eae 
Soteeneimen nen ere 
tetera a 
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seed Carn abetnaene rie 
Pea etapa poe ta 
Faroe ek pepo 
Seer cee eee tare os 
ieee i cog ae 
oh eee thre 
Sariesy son ona wi 
pian bias sev urge tre 
cf thn term fatigue would at lmst ave the wrong implications, 
eee ee oats 
Heel rata nra 
imei ainapemnen cena 
oa 
ie en et st 
sunbeam pies 
sn states 
Shares 
2ihge cit tects Ct 
ye es 
Sati itsdtenayecen ts 
Saeco eens 
Sryameat a ctu 
pn apa 
Geary cientopes nator 
bopreiruan seco 
fatal eelpang irate 
aaemocaiee an 
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Shearer eres 
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‘agnin be observed when the Jerk begins aguin, So that the 
IMbituation may berenoved by reer exiraseoos atimslation, 
‘and deepened by farther stixalation a the kind originally used. 

‘Now these safes of facts clearly St very wel Ge hypothanis 
‘hat the wall is behaving towards an external etiralus [a 
‘the way that would be expected of a syaters 90 orgutzed a 
to preserve its mecbanical equilteism with refermos to thy 
‘world without, For conaer the anical anit aut the begining 
OF the experiment. Under the infvence of the totaity of 
nxteraal aondions it b either at ter or moving as « whole 
‘With refmence to the exvironmect. In partcalar the neuro: 
‘muscelar apparatus contlling the movezsent of the antennae 

in eqailbiam with the external condsons in which it finds 
fact. "It these Inter are subjected to alteration within’ « 
certain range, movement takes place wnt equiibciam in 
reemtablished ; this may be eGected byw sndden jerk, a bast 
of cod ale, a change of illamination. “This may be eaied the 
rkmary retabuahment of curiam, che by, o8aedy 

‘ringing it abott thet motion ceases when the 
‘iaturblay factor no longer operates. 

‘We are here dealing with a single change in the external 
sooditians of equlieiam, senuiting ix motion. A stinmalu, I 
has beta pointed cut, is defined by many ab a change im the 
‘external vital conditions, But what if the atime repeated ? 
1 thn interval botwoen repetitions is below a oertain minicom, 
the organism will not have time to elfect the neceary 
replenishment of organic material. Teat ia to say the second 
stinmbus weil lie i the abmolate refractory phase and no 
ovement can result. If, however, the second stimulon het 








altopethe:, That ie to say, x constant atate—equibelum— 
‘with relerence to the enviconmental emdltions hes again been. 
‘tablished. Tt may be said that the regularly recurring 
‘mechanical shock bas now become part of the constant 
environmental conditions. This proce may be called the 
smtablishment af secondary eqeiiieiom.' St may be under- 
‘tood by considering the cepetted external dstarbance as an 
1 The probe ofthe rieln of Sabfeaion foe relative cefctary 
as knee nbring paper ef Ls Coben (e9) 
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toxtance of single tempoaly extended Situation, This ban 
ready bee seen to be fly usable procedure Herein 
fact, wehave litrated the necesty of treating the organ 
2: 2 four-dincasoed) cootineum, & spetiotenpora vent, 
1 has Been acon fat we have fst ae croc right to give the 
term." feat “to u succemion ot exeroal eves bt te 
collection of socalled sbltznenus sina. only 
because of filhy abstraction, belong #0 a1 oatwern 
‘yr of physical walyain tat we have in ouch of out 
Poychologll thinking Geecce accstomed to" think of 
[Gsation i tems of three aenenionn, ich cecadorally the 
Complication of ine clament mach aa Seay Specbealy 
Sits case we way reard the viytlnicallyoxcortg tri 
of mechanical woes a3 angie Ssation, and as 3 diferent 
Siction fom that formed! by a single noch shock, jst 03 
Ay we awa i wet Sato So 
fone such apt. And jane anthe reaction fo 

‘eaters tom that to sicuttaneosn Ey spor that to 
1 ile per dlferet rom that £9 & crowd, ao the suction 
fers engl mectania) vhock and to. soe of such shock 
tray bes tnd in fact are, deren. To say that bison 
Ts van place to say thatthe organ has been tured 
by a change of extrnal cedigns, and that by ean of 
Shon aatenicdipacemests « sraony Hale hs bon 
reestablished 


‘Sach an account is even more easly sten to be toe of 
continuous then discontinsoas stimuli; thus Northrup (1980) 
found habitsation to heat in. fches" A fish tranaterred 
_nddenly from 1 temperature of 20° C. to one of 33° died in 
the course of one to two hours, whereas a Sth tradsferred 
fies to a temperatere of 27° for two of three days and then 
[pat in water at qs* was able to live indefinitely at the later 
Tonperatars. This means that a conticuous etimalus has 
Indaced changes in the organiam whereby certain responses 
ultimately no longer cocur, and although the responses would 
In this cate ordinarily be described as physiological rather 
‘than payehological, yet the principle is the same. As the 
ramlt of the new thermal condition, intra-systemic changes 
‘ave been eHected which issus finally in an eeganie stationary 
state. With the sodden change fom 30" to 5 the organisa, 
‘was unable to cope Gz a higher place, tundamentaly the 


* Obearrd tet by Loch ad contd by Konbnie 
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same pumnsenoe io som inthe habitetion of « homan being 
4 «continuous nase, such asthe rear of Nagas Fall, whic 
{nally becom per? of oe constant eavizenment 10 thote 
that live near by. The rechandare by which ths tent 
beved I very diferent in tbe (wo cas, inveving becare 
Hocberlalrotima on the ae hand, ands hl specialised 
fiazoceopteesyaten on fhe athe.” Bat feadamestally the 
fame thing sts bees accomplished in each case. A. living 
SFotnn bas been disturbed by = new extcraal acte, and 
{tra synterlcdnplacements ve ocurred whlch Braise 
ina nplogien), po 4 thermodynamical, constant tate.” Ea 
Iam hae been extabisbed, the orginal Teation Daving 
sappeared because of change efectad in the system, From 
‘how erampler tw a short sep tothe Babituation of « a 
{ou wis of jerk, or of «Sen anemone {oa seis of tap; 
4 seceaaty ‘only to.sebatitute a dicontingots external 
‘totarbanes fe cantineoes exe. 

Tt is now axsy to see the intimate relationship between 
reaction to & slunahus aad habituation to a eaccenion of 
sal, Each involves the disturbance of constant state by 
‘ay exteaal change; ea involve also the re-estabibsoent 
of 2 constant state. ‘Whas the envzonmment reterna to the 
ase ne sat ref reaction, wen the en 

‘Utwalion ‘pers, either contizwoaly oe inter 
ratteatly, e speck of habitation * “Ths agai inthe light 
(of modern phyuea! teakment of apace and tive i is hard 
{o ten aay fondaromntal cierence between “seatlon (0 8 
Spotlaly discrete waailld, and” habitation” toa tempetaly 
Aiaete mao ch at sexes of tape. ‘Ths point wl be 
comidered Inter. "The Yarden of prot would seem 10 be 
‘with thoee who maintain the exstenoe of sock a fundamental 
Aieence. 

‘We thus have two contrasting situation zespanse rltion- 
ships. “There i the (otal aesation 29 which the expan 
fevponds in uch away that haltaatin sts in. This ray be, 





' DE Month (190s atimelates eaterptary by wewas of sm 
a towed that raetion ete Ait shore 0 om a om teen 
‘ep inate wed stecbcton ie tut to esry fatipoe” He wat 
stable to oils Rabtoation ming §intrvain It fot of conte 
‘Malntieed that biiges, in she moe of exhegyea &f some miata 
‘omy for race, cr of cogging the mackzay of reaction wh 
‘rots product, levee spanner te fading say of mama 





strictly in relation with each other, and a forming a single 
Unified response to the Gwenty-tap Situstion This unifed 
respons by which equilibria in established 0 the total 
sittation is w synthetic, integrative, activity of the onganiam, 
1 process of progressively maintasning its ewential unity ia 
space and time, 

‘Contrasted sith the total situation is any single tap, with 
{ts entuing response or lack of response. Such a single tap 
‘must be consiared as forming an element of the total twenty 
‘ap Situation ; a8 it forme part of the moce exteasive stinalas 
complex, response to it is modified. Thus, let us say, the 








‘re. j—Habtunicn and Debatuaio i te Mook Ture, 


‘The turte wan dipped o a and, ad to He ight front tg woe 
sacha» Urted which worked © rrcatiog kevet, The whl Gee 
Iaadusnly" ower the ye log was Tapped every two meoads Oy as 
lc Ramnes, wtlch rrsaed ta wiblerwa! of the lt tach 
Aeon, Tha len scene cation for On Sov ven tbtons, 
‘iter whieh response becomes fongnitcaat. Later Sr trte bre 
‘Grothe chary tee fe Sel aur the see Pace, s mel at 
Deng neo” A very proveussed section flowy, kite wich 

(othe coceic taps gine agen" Neary two caanteg ta thie es 
pis daagprscel nica o scend ents oars tpe i finan, 
Fe das empower cece age oe act rtered. Tals alg 
tray of th goer of Eke mae Bown wetar 2 ove chalee in th 
(rst expertnts om raul say be doe ther tothe fet Cat the 
Tina's Teglantng to Soros Sabioaied che salet Bow cx 
‘a fect tint abitetion to che tap scam (now Sper tm AF 
feet." Ponubty both coum operat. (Uspebabad acing) 
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fowenteth tap, at belonging to a total stmlus content 
streeching back into the pat, 09 20 longer followed by 
‘sible movement, Pther, the organism bes etmanated overt 
‘sponse un far ns b posalle under the exiting canon; 
‘whlch here means that wistle eapecse bas been completely 
iminated. “Minssum posible movement & here reo move- 
Bent” Soch smination "a far an posto under exning 
oadilone" wil be sna later to be characterte of mate 
amples cass also 
‘Debabivation—-Equilbriam, such 1 & extabished to a 
serie of shocks or shadows tnd which cepends 2 sion 
balance of intemal and extereal conditions, ee dlcate thing. 
Tsmay cally be deranged. We ave noted wach derangement sn 
‘he cae of (be seal, where x3 intense stmalss, applied after 
Incbituation i stable, wil restore the ecg repocse, 
‘The wile has observed similar restoration of Fesponte 
bby extraneous stimaation {2 tbe mod torte (Pig. 2) 420 the 
‘og. ale (gta cpt hue tg bbe veo 
fe ehh "The phrsomanon may tay and rey be 











tarp Blow, ad the bande are once tre ela 

ing Toe cad woe tere 
40 BAD again. The explanation sama to be that the blow 
fm the ce regres pew adjustment om the part of the 
rps which B icenistent with that involved in eecting 
fhe kablteation, The peculiar prooamen itvalved inthe 
erabishcent of eguiriam ae thes sulle, and Babitation 
tas to be reeabsted. Debabsation by fae of ine wd 
ty another simular ace tims fundamentally the erat, for 
they fevaive eich of them the derangement of an eaablahed 
{ate of qulibrom by atered conditions, the alerstion being 
oe of incense of exvionmental energy in the one case, Of 
Aeeceane af eueay i the ots. 
"An interesting” case cortret to certain of the writers 
xpericunta on arate Flere the let all was Get dropped 
Sot during the period of stimulation or uring 2 Tes-pae, 
but Detore the smalls had been sabjected to any other 
secodatiog, The jee fess toed, begin, snd wad 
{Glived by rerpasea which iocrseed for‘ tbe 66 the tall 
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szzulns wasrepeatod. Theserarults at once suggest the cjac- 
‘Som that what bas bees termed.” dchabitostion ” in ingly 
san increase of excitability, which, under conditions aot knows, 
may sammate with cepanted stimalation, Such a statement 
‘would be ia fine with the ressite of certain zecent work. 
“Tals explanation is, bowever, mot inconsistent with that 
‘svea in tbe present chapter, but rather given a name (0 She 
Present account, according to which extraneous stimulation 
‘doen cause the organiam to respond (0 stimall wich have 
become inoperative. It should be remembered that we are 
severable to Hart our experiments on a0 crganlen virgin of 
‘imal and response. We must take Che Hing creature at 
wwe find it ins cactain exvirooment, into which certain changes 
are introduced for the purpose of experiment. If thee 
sere cal es fe roe a Wt at 
nj sdjestmants that have bon made to prvi conten, 
1 conditon of greater excitability rents, Whether this 
disturbance consists entirely of the removal of" ishibitory " 
ocean oc wiht involves le the atomoaton of 
tatory process, to sty i the prevent 
state of knowledige—nor would it make any difference to oat 


eaguneat 
Ritroon of ebinaion- ie me have rane 

to handover toolbars thr investigation of the specie 
Fochasians by whlch a particular vita system tend to 
Imalaca any costar, wach as the present invance of 
‘mechanical aglitnium with the exviroument. yet a ew of 
the widarpread cecurence of the phenomenon of iubitaation 
land the variety of tha fore in wich 1 has Deep abnerved, 
‘Uiet dieu ofthe question of ts lows aay not be out 
2t place. Jermiogs (z9ca) bas cbeerved the phenome it 
the onectbedsertor and vercella, Buytendi (coa®) and 
Folger (2587) ia the azaeba. Now the protoron are not 
adieceatiated. Many of ther wre inized. very highly 
ructored aang their own Nines.” et thee creators tae, of 
‘onrae, neither nervous nor teeeptr aatem diftreatted. ‘So 
‘hatin thie cate we souid sere fr sether a nervous toe 
4 eceptoral loom. But era a in any other instances of 
Tnicalar behaviour, we are jusiied in cemsderng babtun. 
‘lon to be the peototype of « fction leer to be performed 
{bacco cebele sem on fnovame wey 
rotacd by auton, odor WE Sales (ry 




















‘diate, Adaptation ia thas antomatic, depending on the fact 
‘that a certaln photo-sendiive chemical system in the eye 
‘comes toa state of equilriam when light of e Sed intensity 


Sa In le equation the aly to varices an the 
‘aocasity 1 of te ght an she eonoeirton 4 of thn decomportog 


tare Psa 'A dead by emf mae an = 
Lens 
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cxmtinuourly fal ypom it, Tons (his treatment supplemente 
the discussion of Chagtec I where it war shown tat the 
‘ye or visual apparatus may be cantdered asa partial nysterh 
‘of the total Evang apne The senge angen, echt tells 6, 
‘Soe an cated group of ele: Sein ax erga nd Sanctions 
e's whole” conforms to what one hat alvaye 
‘apponed the senory proceas to be, namely, 2 natty soe 
Cantabed ‘yam, Bigh ia encgy ‘content which cua be 
Teleased by a small ation of eoergy fm the optide™ 
{p29 Farther, ant resi of thee experiment, Hct 
1s given tthe conception of the sense orga ax n buler 
‘between the environment and the cepuniem,. By ie power 
Cl caning to. punion of elias apecte C0 penitent 
apron edo at we rteig ne ie 
respoosive servo syste. We Bave teen that the 
uae co cme inet ie of equitetr ith ht of 
‘different intensities. In the more highly evolved organisms 
fnveuigaed by Hecht, the visa! reepeor Re, Ya addition (0 
Ayuiing the specalnd faction of vou! teosption, became 
Sib a speciait Inthe walstemnoce of equlibeum to exter 
phot conditions 
Tn adi ¢o Hech’s work, igi Mas lately baentheow 
upon era forme of sensory adaptation by the no ese 
Femarbable exposmerta of Adnan and ts. colaboraton? 
Hee an entely dflereat method was wed, namely tat of 
‘Mlmulatng the senee erga fx Che skin of mle cancerned 
toechanioly and by meat of several stags o ac ampli 
tion eecarding the ttlon carrents produced in the nerve, Tn 
(bis way Adrian crs to bave demonstrated i the eat and 
frog m procen of adaptation in the end organs of premiere 
and uch” and ia thowe atthe boc ofthe bake The rate 
Gf adajation fn thew organs Varies, that of presrore Deg 
fhe slowest, that of tooch coming text. wie that tor the 
cxgane nt the base of the hairs is apparently shghly shorter 
SL Each of these theee receptors, according 10 Adrian, 
Sapte at a muuch slower rte than’ dow the nerve" and 
Intrerting problems erse invelving time relations wisn one 
of teas setilated with corseqoentseual exatation. Into 
thane problems we cannot. however, enter. Siowest ofall in 
tuapting are the receptors in fue muses. So srbog is this 
1 Se Adio, ED. rye cand and Desa, EN 
4 Se the dna po Aan a 
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diference in the time taken fr adaptation thet, folowing 
4 sndar itnction made by Sberrington fer tfc, Adria 
‘herentiates between” powtral” wad” phase” receptor, 
‘the former being those hove long wdaplaten time causes 
ther to exert wtltively coontazt cfc on the attached ered 
‘when they are simaleted by a protacied simul, the later, 
Rowever, beg much that pootacted stimalaten is quesly 
{elle by reteptora adaption with corerpnding)y ropkt 
fading avay of turd cctatlon, “The ceceptr fer turk” 
aad those the bese f the nes ae then exemple of the 
‘Shade cau, whe the ~ propio cnpors inthe frog's masse 
Fplndle are tld to belo te the postural Gass ‘Detween the 
(tro cases Is the eras of presse. 

"Taw elect of polpcoocng stiwali was sndied by the 
sane techniqua. ‘Sock tinal may presumably be clasmd #2 
Tarafal to the organism, asd imany are of opinioa that 
Appin crc sly Yo lal ha ae arian, Yor 

he reports, "it istreting, to Gnd te 

TeuptechLiape themselves Soa cant atts of ee 
smparable Co hat of» neeve Soe and much mare rad 
Sia conned or Sea ree ae et. 

“smpare Well and Hatington). Me tater stax, 
Lower ‘tiet extts fac make Aout te cope tos 
fate of adaptation with that of ether receptors (2908, . 10a) 
However, even roough dest comparion of rate i imposuble, 
the fat tat there may exist septation fo iy 
tarmifal stsslos would rare & valuable aédidon to. out 
Knowledge, and ‘wil later receive ettestan in its appropriate 
conten. 

“The work of Hecht and Advan hts then exited i highly 
convincing detail the working of sensory saapeation, There 
in however, evidence which tends very aUongly to show that 
i oepeniats penemad af a many eyeten fabiration 
Dot tecuserly coafaed to the receptors, Tits oxrain 
‘experiments In Paviow’stboratery have apparenly Worated 
ck © proce in the dog’ cemral core 937, p 259) 
‘Rttetion has bows called othe fact that edaptaica to be 
found in the verve fee: It wil be cecal that bas bees 
demonstrated to ext fa the wa anexene, ‘Here Re oot 
Sppuretty the yncytiom or nerve bet which i fee fom 
‘paaper, the fir eeming to make i improbable tht the 
‘poodle cxganie changes ee ofa parey teceptora saber, 
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For the receptor in quastion is of a highly primitive kind, 
‘being apparently aot svech moce than ¢ free nerve ending, 
‘while according to report there may be produced in there 
elementary creatores an adaptatial process that will pest 
arseveral days. According tothe varie! report of Dr, Klogh, 
sea anesiones may become so babitvated to constant handing 
‘that it becomes diiclt fo ralee them respond for demonstra 

‘onal parposrs to « mechanical metus 
‘Farther, "in the responses of mollues to sbadows the 
‘experiences of one day appear to extend their eflets to the 
Inlowng ay “(Washingt p26) Acetng to 
easily fed on soocessve 









Cort, Bray, ater sous days, cane 16 
Pisoni fat buracie tay become 
hy taboatd a pote na 9, 
nal proc ina 

aqum, careteins Te mond tan, home, 


the synaaes probably beng lestived where Chey at. ‘The 
‘sul dstneton between” secsory adaptation “and nagative 
bstaptadon proper wold accadnghy appear Yo ba wald* 
Tar haiteaton we som, infact. 19 Be dealing wh tae 
Survive phenomenon chanceritic of vg aie, 
Broneuende whch may be of very varied compat, ound 
ai grades of ie end which ay be mediated by many 
diferent means. 

Purtbr, according a8 an oxgaim ip muce ot Jan highly 
cveived, io rmstable to atpwc that th chaaceinle 
Sane phenocianon Wl be found tobe efected by ans 
that ae of corenendigly grater oe Jes complexity end 
‘ialnaia. ‘Thos wbure a rceptor stem and 4 MOO 
‘oot have specie in fanctona ot tabay end ace 
Imation formerly eSected by the see protoplasm, we 

“i abs hn arm ban rend a tee of bth 
tne “Hows “hpn” py get cd ce 
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sappatently Sind this highly general rganic function, Involving 
‘cessation of reaction to stimelation, co to speak parceled cut 
‘etsreen thege fwo special meckansims. In higher organisms 
i in then ponble to ve both sensory and central adaptation, 
‘at evolutionary descendants of the primitive nlelilar 
‘Adaptation, When we come to such Mighly complex casea 

of adaptation as the taming and dametication of arial, 
and homan ” attentional" adaptation, itis almost impossible 
at present to talk ofa locus at all, except to say that central 
‘eccasses must be invalved. 

Harmless ond Harmfal Stimsli-—Aecording 0 certain 
writers i ib only the harmless stimuls that lanai to habieuae 
don. Thus Jennings reports that a feeble currast of water 
‘would xt fst. cause reaction ia a steater, while only a few 
fesponded to the second stlaulation, and some to the thind 
oF fourth, But coly when the stimali are non-injurious does 
‘tha organism thas cxase to respood. jennings attempted to 
accustom the animal to the stiroulus from a minute quantity 
ff sodium chloride solation, This stimaus was repeated for 
tan hour steadily, and the stentor reacted in each ase, There 
‘ws 90 indication of is becoming accustomed to the stimula- 
‘om a fac, in pang. which seems to ahow that the frst 
results eannot be theaght of in terms of moter fatigue as the 
term is ocdinaily anderstocd. Similar reat were obtained 
Dy the same investigator wheo working with the naz anemone ; 
here wight wimslt tat are not injerious may cause at ft 
1 strong reaction, then on repetition produce no reacthon at 
all or very small one, but sires is laid on the fact that this 
fs only true of sight stim. Sinderly Pron states that 
‘various annelids may brome habituated to shadows but not 
to brutal and dangerous” excitations in the form of blows, 
"nor even to contact stall which constitute more real 
smmaces than do shadows " (2920, p. 117). 

‘Now attertion has alceady been drawn to the fact that the 
isturbances to which both ecganic and vuany inorganic 
systems can make adjectment soust ie within a limited range. 
TH, for example, the pendalam is struck too hard a blow, the 
system wil be disrupted. Again when all the bicarbonate 
in the bufler solution is neutralised, the bufler wflec cases 
‘And in general the constancy efit is only operative for aos 
detractive disturbance. Disturbaoces oxteide of this 
"harmlest” range destroy the pecalir organization which 
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1s ceoponsile forthe eauiste compensatory changes, Te 
sare revrction mast be made for te Sica to ich fhe 
living sytem can adjet. A moderate shock may prodice 
2 rekiln an anal, whe on trtese sec wl arpt 
the cxgaion and cane Gents For al argesiome it es 
Sar that there are ita very stone simi to wich 
there canbe no quaton ether of repens of tancustion, 
“Thee are lrdced Ward sta but net thc 
tartance that Washbers and the other writs have i mind. 
ether iny exe tNabiog of a9 lnermetate oep which do 
tot cause Damodate depts of the va pee bat hich, 
Utbeatly tend towases it estrctce when they are repeated, 

‘Now it ems to be acaniteh that an inte Misra 
{allowed mere tomiy by adaptation tan aight on, tg 
there appears fo have tren Lite gamtative examination of 
the teen (Pir, ope, 9.336: Washbor, "906.2581 
era, 908). Danish, ter example fours thats machatical 
Sock invoiving the expenditere of soo tgs reed nine 
Stoke to profuee Datitetio in varicta. one inwcving 
ooo ergs requester aren Ale one Swolng 3400 
eer wat Glowed by centration even after tty 

ture of 2000 eg al remited in contruction ater 
two bo smultin wth qo sbacks—sboving tha ft 
Ibe see of edasition cat aga Pardy be held respon 
{er the bination tat ecrerted tole tigroms stictlation, 
Tie me ter to tear debit by ae fine 
‘ 

(ofp gener ach arr eto be expected on the bypatbals 
that sdaplaton i Irought tbost by intreaysterc come 
Dematory procetes tenting to pcrv the onal tate of 
[rete Fora more eat extenal Qunge wil que 
fore proncenceducion on tha onan par (os Deno 
Pip) The more ntene tinea wil be oe that wil 
Frodice a greter deangemest of eqellrm, which i 
Fansahle tink: f af reqting o'mota peste Cot 
[osolonyeSert on te prt the cnpznien belo the original 
its Raton. Mt east acerthcla be aed at thn 
ite ceasonable uppatin only, and ove which lacks Any 
Aharoighqoig end geen quantitative pronk 

“Taking a See of sal tet are grndaly Socrensng in 
latency we Douid ther expect fo Bd & coreaponsing 

1 rap can of hem npr tng dr sap 
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increase in the time aecestary for adaptatioa, with ponsibly 
‘limit of intensity, ax was found dy Danlsch, beyond which 
‘Adaptation is impeanibia. This lst class of stimeli would 
ena be of a *njroasmatre Tt would acide 

Peutal and dangerous” excitations, There are, 
Rovere, Aether couplratins AdSpaton tay tale plat 
to painfat stim, which exe pecoumably for the most part 
injurious, Tt may also eake place to endeniably fatal tinal 
3 is shows by the wellknown experiment whore a fog i 
‘gradually raised to a fatal temperature without exhibiting any 
‘inutual reactions, It is further ponsble, by arranging & 
tlficlently long time interval. to tring about that adaptation 
does not take place to undealably harmias stimuli (eg. 
argitt,x906)* ‘So thatthe taleotogiead erterion of" harm 
ies" Is neither necessary nor suficient. In the absence of 
futher evidence the mart cooservative statement toems 10 
‘be that onder exrtain conditions adaptation will take place 
\ocerta atin at ot octet and that ie gererapsily 
Dy + procs of selection, the former group cont 
‘hele atimoll, the latter the harmful nes. Further, at 
least a2 important group of Barvatel stimali are of a very 
high intensity, To’ this general statement, however, there 
fare dogbtleas many exceptions. When these occur, as in the 
case where the organism adapts to a barmlfe! stimulus, it 
fast be concluded tbat Nature has made a mistake. For ix 
‘plte of the amertions of the romanticts, Natere ia by no 
‘metne infallible. 

Certain interesting problems are raised by the fact that, 
cotber things being equal. & more infanie stimalus apparently 
does require x. greater nomber af repeitins for aaptati 
than a lem intense one. The question of the enact mechani 
‘of non-senaory adaptation bas been Set mnanewered. and te 
portage at the present stage of Inowtedge unanswerable. Tt 
Geertain, however, chat where such adeptetion occams the 
one stimsius must exert upon the organism some effect Chat 
tends against response of the same onpanism to the same 
stisulon repeated at the appropriate interval of time, It is 
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the nature of this ciect that i uncertain. Now the closest 
Parallel Cat of the physologsal proces cf inbibitin, wich 
1b the process whereby a reaction Co xe stmulss is impeded 
by the action of a dillermt stimslas, that i to my, one 
ecting ancthex receptor, though ot necesarly another 
ind of receptor. Por example, “Refer inhibition of the 
flexors of the ince (epinal og) is regularly excitable by 
stinalation of the sida of a digt ofthe crotted hind foot * 
(Shertington, 1974, p. 134). That is to say, reaction of the 
flexor rasscles & chucked by stimas acting at a Gferent 
plat. "Bot there is good evideace that, ike ite cousterpart 
the exetatory proces. the Inhibitory process grUWs ia gederal 
more intenoe a the stirculos itm! inereaue ia inensiy, 
Sheriagtoa agoin states that ” increase witha Hilts of the 
strength of the simul of he inkibitery aflereot increases 
‘the amount of Telssation which the inkibtory retlex can 
Produce in the cootraction of @ given excitulry rele” 
(3925). Heymans, working with visual, olfactory, and auditory 
‘azattona extabised the fact that a more intense sensation 
‘erted an inhibitory actioe on a lest intcase one, and. was 
3 cen De eae they a Uae 
was Bro othe iabiter (£859). Spencer (12 
tend eh Uo rect to 4 wok iit td tice tntrodoced 2 
‘roger one, which ho found to exert upon the already 
cetablisbed reaction an Uahibitory eat proportional to is 
‘tensity. These resales az, fx the ain, is line with those 
‘obtained in Paviov’s Iboratory on dogs, A docter's theis 
tS, H. Ferskof* publshed bo: Paview's laboraery makes 
4 clear that a moce intense dagrec of inhibition was Produced 
‘by avery strong stimulus than by a weak one, and the same 
teneral result is noted by Bechterem (1906, . 254) for buraas 
‘eactionn. Tha omults ofthese workers soem to point 10 the 
‘eneral conclmaon that any inhibitory eect attaching to a 
‘ils wil increase when the intensity of the stimuis i 
Increased, An extreme instanceof an intone inhibitory state 
Iellowing = stiulas of a rey high degree of intensity It 


2 Panto, D. S. Jnuaaot bomen Escation nd Inkiion 
‘ee Biniogaphy al Pavlov’ Contined Rates (os. pe a3. Toe 
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pethapa to be found i the Charest method of bnducing 

‘The catlepy td alind phesomesn were brought 
aboot by sich methods as the sodden banging of £00. 
Following then tbe parable te nly other oat oeeting 
{rose of wich we ve exec: owl namely, the roca 
Ef phyalogealinibeon. would soon reascnable co expect 
that any checking proces erred by « emules spon the 
rescton ton repetition of the sme Smolen would inrase 
Er Gtenty wih incense of atmos otensty” Bot here 
1 pardon teu to emerge. Experiment appear t dow the 
Copoate Avery iatensestimaion as We hae dee, TY 
ot be followed by atitation mall! 

‘The to one of tna cases where an apparent exception 
realy theows fea ight on the punt at ine. ‘The wbtion 
of Ge peradox Ber the fact that fading way of respons 
depend ot cate minlate intety of the plage 
roca of chock, Bot cn lta Stanly Peace tte 
St excation asthe itety ofthis etter sss the 

appear et to keep pace witht. The pst eat 
‘hertigen, who ‘eorked. with the scich Teer and 
btained « phonomencasimiay fo tha he tc) habit 
tion.’ “In my experience”, he says, "these spinal referer 


* emiogton implies & pee agsint ve ance ute of the 
tam Satan" sgr-np. 228 243) ""Toe using ot roex unde Woe 
‘Maintained emtatoe tw eee of the aDy plencrena Dat pun Me 
‘Partly eader the name of *ttgue’s Te Say te tonto th cane 
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fade out sooner under a weak stimslas then onder a strong 
ing, This seeming paradox indicates that ender evea fenble 
{ntenstis of stizalation the taresbold ofthe reaction gradually 
tes, and that it rises above the treshad value of the weaker 
Sumates belote i reaches Uhat of a stronger stimulus. 
We have to do then with « process whien may often be, 
relatively to the production ofthe mature! Sachorg, greater Oia0 
sehen » stronger stimulas 1s employed ” (1906, p. 220. The 
italia are thowe ofthe orignal text}, ‘Th facts Hes Gt together 
fairy well. Both in the experiments on infact organisa and 
‘in thove of Sherrington on isolated structares at a sdlatively 
low neural level, je mast be asvared that ander appropriate 
canditions & stimulus exerts some Kind of checking eflect apon, 
the reaction ¢o a succeeding similar stimslus, This efiect 
may vary in i eicacy fom stimales to simi." for reasons 
not yet established. and of course from species to upecics. 
Tt may also vary within the save receptor with variation 11 
the intensity of the stmnales. As the latter Decames 
intense, the checking efiect, whataver it is und wherever i 
1 located, gradually increases in Intensity, that 1s to say, 
adsl seus capable of preening racticn 19 me 
tease atime; but st dows not increase an rapidly ws doce 
he exciting effect. Consequently, as the latter grows rere 
intense, the checking effect oust in general be deepened. by 
imory and mere repeions i ard fo indace attain, 
Until a bat ls reached whece babltuation does not take place 
aka. Such a stimaloe i biely tobe barrtel to the erganiem, 
‘The pictura is, of conrse. to « certain extent schematic, but 
1 seems to combine fa a ceammnable way the results of several 
‘ines of experiment. 

"Higher and Lower Lats of Orgenization.—Froon the mxpark- 
iments of Sir Charles Sheeviagton described in the last section 
there is a natural transition to a poiat mused by Professor 
Dodge in his monograph entitled Elomanlary Conditions of 
‘oncn Variehiity (2027). The subjects of Sherrington’ 
Investigations were spinal dogs, that i to sry, animals in which 











See, Miler and May. pps, and erin, Ae p06. 
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‘the bigher pats of tbe central nervous system were rendered, 





reported by many investigators. Sherrington reports indeed. 
‘that different kinds of reflex have each their wn characteristh 


But eve othe diernce, eit be ists oe 
smough to allow of t ‘he disappearance 
ein sane to est beeen ht 
ia’ Skanigtn’s 0 several Inundreds of cepations 
vwece noceuary. Some other explanatory factor ust be 
Ieee ted appcely wo be found nthe fat hat 
Sarin eed tt wed, ws wrk ot 
ow lnvel of the dog's nervexs syste, a lve in 
Iie wheal tuocton the boty feoar tooo the 
ruinering of automatisms, The spinal level is he home of 
{he sterotype, and it in remarkabte that Sherrington has been 
Able to show even so zssch variation in a pce spinal action. 


to compare retaits at various levels of the same 
Teo 
Suceesdive Responses to Siilar Stimuli at Difierent Level of 





‘mportance in the theory of learning, it wil be described in 
Bimal pak 
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seine eal. Tat sbjet was an itect man eng, “The 
ieced roses wee rowed tasty by pocagaghes 
SiGak, Ea eis of appeal seins ato aloe 
{enya mathe” Dung ts peed tere were led 
Ee'Wejors eal the Bieter Stat takes plrce to at 
uttry dinate tether win ee process tet o tt 
Tnmwttely covers te bers Last « eady as mae of 
{ae comoutalory movement ofthe tyes wach era whet 
f hnsnun bong b faused, ‘These eee ropa Gi Gos 
fection of she fmctg of te Doman Davos Sten at 
ie tderet eves the Cojo a tow tev et Oe oad 
card the bt seex Ligne op othe "oun Veuide™ of 
fhe bam, the eye moventet aU ghee secre the 
Pian tn pene" Av'a to be espe en ths fe epee 
Imei the tcigue war rerschaie, al or proces 
‘red bing regetered itn extee scared by poppe 
‘Stee ire Sia one ge a th nae 
Telered tothe oi the pape to 
io—_ 
cords were taken of the tnenjek, atch showing tbe 
reaction thee faesey), and extent of vo each rape 
Separate hy halt sce ier Tot four sch eet 
Serena cach day, vot & Compete potograpie 
rey dy of is col expen pr of tenyeant 
Sortie dy ofthe Teenyone 
Dente ‘Vaan toga Rnerpetr were feted n'a” By 
trerepeg te ft td sor recon Uougbut the whee 
Fond te laowig Byres were chased 
Taner 
Comporitn of he Leeny end Eni of Pad Bras 
Tateney—Extest 
Avene for ft ration. apgsgma? =e mm, 
dvenge he tend rseton, 
iotaitscend Wier 4o4sipsa Som. 
Ta, tking the average, the Est sien of ech pa 
produced Sesto ae kenny of ha med eatin, Eat 
olny. ox te tue beter ine gone ead te epee, 
Bele iecage ener of he cod eaton ws Gntated 
By Peer cats cence wed pn = 
er Too 








16 ‘THE NATURE OF LEARNING 


‘by about onethird. This shows the average eet of repetition 
af halfeecond isterals. Taking, however, the unaveragsd 
‘igus for the ensze experiments! posed, which give the 
Progressive fect of at trent four boar interval, 
fhe oppatite the exe, An apprecabe sowing down was 
hserved as the experimental poiod progrenel, without, 
owever, say change af exeat *” That this clge in speed 
‘off very dementary human response which was“ practived ” 
‘over a prod of twenty months indiates progresses ypio- 
Iogial Changes inthe exganian, there can be So Gout; how 
{af these change are identical with thoe seaponsble for 
Pienomena observed in les highly diterentiate organises, 
Wis iempoute tomy, thoagh Ube worden of poo! undoubtedly 
es with those who maintais that Chere any radical dieence 
The data show the intimate and complicated raation that 
‘eit between the problem of the ftractery phase and that 
ot Tabitation, ther experiments seeming to indeate that 
tanees en 
Nye fee rope we sprue ne that 
‘yet response we nearer 1 

the eens street tam seb eal emacs be 
(he anatf "Hnroing , namely the cerebral cortex. AB i 
fhe ae of the Jneeferk. appronimatey” ropa recnde are 
avallable for the experimental period.” The averages of al 











‘hme racorda are expressed in Table 2. 
Tame 2 

Comparison ofthe Latency and Extent of the Paired 
Lid Referer 

Latency Extent 

Fintresction =... spasigme = 7g mam, 
Second reaction ave” half: 

wecond ater... 40$sigma 21mm, 


‘The table shows that the amplitude of the response is 
imsnished by about 73 per cent. Now it i known that the 
‘ebractory phase of the id reSex may last aboat (hnee scons, 
40 that this diminution of extant seeme to be due to the fact 
‘that at the time of the secood wlmelation the structures 

* This tere asggeets the pomsbty that cepted change 
ay te eyes gee er be ee peton a 
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‘concerned were still ix x eecactory state consequent upon 
theft. There ina siting contract withthe comeaponding 
figures for Une lower level where a hall-scond faterval has 
the afoc of reducing amplitude by only one tind; repetition 
tnndr similar conditions has more he bee the en reducing 
te of rpms he ue San at e e et of te 
enone 2am. 

et pane ret sr rend in phyla ogaiation 
‘which, when contiued, wi eltimatey Drang ts to the physio. 
Togical corcelate of some cach function ag memory. For wile 
‘K'would clearly be abwurd to speak of "meaury "atthe level 
{the knee-jerk or even of ned refer nd wale we ae here 
ddaaing with porely physiological mechantans, yet at tach 
level ‘me have one pbysinlogical event inucncing another 
subaequent to, with this ect sch mere stangly cranked 
At the higher otage cf orpaniation. With certain reserva 
{tis character of higher forme of fo that the bebavionr 
i agit or gp of me: poy 
aren event im the Me har fan get oe ge 
{ime intervals coresponds objectively to one factor io 

Jn aeant by the poseslon of a" Detter memory". The dev 
in digi, it wit be remembered, aaked the nigra 48 x boy 
how be lied bse, nd disappeared. Pity yeas later the 
devi reappeared andthe iamediate response wat" poached ". 
‘The fact that we can group these two events Logether as 
question and aneer over ity years entitles the organism ta 
‘luration to be assigned in tin crapect a better maemery (han, 
rus say, Profeuor Hunter's dog, who slter « delay of five 
sinuten forgot” whic of te the chambers cared ight 
“The tame trend # shows by the folowing tae whi 
cexhilte a comparieon of the fist Sve and the ant thre sions 
(ofthe entire experimental perio. 

Tams 3 
Comparizo of th iste Sessions of 1935 mith 
the tae ree Sein of 97 














November 17-December 17, 1915: Latency Extent 
Hint reaction, average == 70 sigma rtm, 
Second reaction, verage |. 3g6sema | 36mm, 
Toly s-July 7.2937: 


Fast reaction, average + ge3sigma 52mm. 
Second reaction, svernge ©. 4gusigma 753 mm, 
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‘Ty ther was x strongly marked decease ia extent of 
reaction over the whole pois, coottasting wth he knee, 
‘Which remained unchanged ander the sane Conditions. The 
{toe efec showed itso! daring ch sees of Twardn and 
dling cack for her season. That i 0 sy, he otal sree 
included naaber of mnie serieg i2 each of wich 
Siinullon of repose was apparest. 

“This tendency. towards iresing oct of reptiion is 
still mone marked when ‘we coove to's tl blgher level, that 
Of what balled the compensatory deviation of the eyes 
‘inex a buona bung o other higher animal Is rotated, the 
rotion of the environment relative to the cogaale canes 
rapid Coand-o movement of the eye, which bas a9 fis 
founterpart iz exdiary le the tendancy to keep te Sine 
of vision directed towards the same port. Ts reult is 
‘apne sagalng the smeston ot be sic 

ne ‘ee tsmalation of the semi 

Sn Fob tan ho only © Ect tpyresinatin fo the 
fequced acuracy of ation the foal adjstrent is made 
by means of vision, ‘The practice period here lasted coly a 
days, the abject beiog rotated each day ithe soe direction 
A speed at nearly riform an pouble. Tbe rysagmaa 
raph ecltion ofthe eyes was potgzaphically ecard 
‘Sung and aterrtation. Post-otationa nystagmus deceased 
Twom day to day and trex rerad to record each day. Nystag 
‘mun dating ttatioe decreased fom reed to record, wt 
frore day to day." Daring the last three days al records 
ther the fet show that the amplitude of mpntagmus reached 
aro” ‘Here we have habituation redicing movement t0-& 
ero pont win & week 

Tocnty mone’ experiments on eruhres al the bao lower 
levals thew afprocimate rabuctions of movement by one third 
souk tirscuarors Tipsy; fot "dayhasperinanl oN 
‘srucoas a he ighr lt show is compile Bisappearanct. 

“Althougs involving structures tbat are relatively high 
fg the nervous syste, the lot reason studied & st 
of cour, “4 compartively primitive fespose. Higher 
activities were stndied during the series of experiments 
eseibed in the Dodge cocagraph, and notably the proves 
of" memorcig ” a. senea of words which wate exposed 
backwards letter by letter. ‘The subjecs reacted to cach word 
by reading i axd mercrisation was measured by the fact 





HABITUATION 19 


‘that fewnr and fower letters ware necasnery fer identication 
fan the time peogremed, ntl nally the entice acres was 
eared. Such 20 activity, of course, involves the highest 
‘nervous cantres of all. As might be expectad ‘om the gearral 
‘read of the results previously described, modification of 
response was observed fo take place to an extent even greater 
‘than belare, In fact, whenever the sxne Stimuley serie was 
employed. twice. whatever the time interval, there was 
observed a modiécation fa the second response. Even though 
the time between the two was measured in months, tesponce 
to the “frst ” situation had 2 noticeable effect om tat of 
the "second "a ceredeal tow de force which, when one 
compares it with the performances of ies gifted organizations 
Ditherto cooaidered in this chapter, must be regarded with, 
‘eaings vot far removed trom awe. But there is a 

illerence between modiScation of respease at the level af 
the cerebral cortex and all other instances previously c00- 


Si 

‘While in the experinents bitherto desenbed the geal 
reat of replition, withthe coditinn of tlt aehaly 
Son ute oe tape acpel  Lete eee 

‘pein wan ao; 
Sens, by decreased seat ime’ At the ose st of levels 
‘pataly ice tetany twas Unton ol pees 
a 

‘Thm aialaden Te pees seamanie ty tnt? 
Toward imgtbening of uoeney:* at the Right stage of al 
sto tum to fave tendency towards comsrvation of eaponte 
iisdeweas of tatency. Tes inde ote ost 
Fsipe in peyslgy Chat rection thes" Be getead 
‘Seen wit practice 

Tt would, however, be to hasty canelation to atsame 
taat Dodge experiments had etabibed a fandazenal 
diflerence between the effects of repetition at higher and 
ft infror fveln For the simul ere carflly decd 
‘We tmve 20 reuse fr beiviag tbat sumed of every 
range of intcaty wd exper inleal would beve given 
The nome ele seth actecorteal eve; snded, on at 


3 An exception te (ound in Table 1, ober, Mowers, the Setency i 
praca veaiaed 

Profane Dodgy, of cour would save lntend this interpretation 
othe reat. 
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Ty ines of the sectory phase ad the separa po 


experiments might be expremly devised which would use 
‘the cortleal level to eliminate response, for example, to train 
a Sebjet to "conrad hue! when a dheractng us 
Se pces toey bm one at ack exis 
tacisct the plo textbooks nari ined 
‘that a lacge part of the function of the higher centres is to 
fxereiee exacly such inhbitary coil over actions which 
Said then be are out 
ined in theses by tan ooh ody 
stile fo that © maar aoa 
Sanda mative", For comidar the cantons of exprinent 
‘of the two levels. In the one case a simple stimules, such as 
the wap ota ratirap inates Sopa vhleh travel alg 
bathe preformed fom Serb. One extern! receptor fal 
one iat though of coun the nmstbenc op nthe 
tld meacer are sisilated. With this simple sate of 
fir convast the reponse of reacing aloud“ prntad 
Socd There inthe moter sid, omdatng of he highly 
‘erated spich respon which’ Bas ben integrated by 
{he proven of "learning to tak”. These the equally 
onpex seuneyarctr proces Ksown a" learning (0 fead 
‘Sven grantg tat tae requ ang a taken pce, 
by ane flint that the enbjet wll sad the word Sut 
loud wien be ace pelted ele in. Boca Be can 
foes no flow tat wil os Thre are ely a ew of 
Sie read load the sobs ot the soring piten To 
‘Batre thatthe eaog aid proce wil ake place In the 
xperient, th abject nae reste some sonal ula, 
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citer special instractions, or the general luboratory " set” 
or somthing ele of the soct, Tee conditions of eimalation 
corresponding 10 this “ set " cr these “ instractionn "are af 





whee ihe erections wee gen con. teue TOs 
Instructions wgua, are shri tog Be Andry of 
‘inal ayo eteyinsdegnate i themes te Proser 
The vey cusplate pope that ach dow low ten, 
fe depending kr ha eicary upon, eionged Sica 
Even then (here mest be & mative” lors obeying Te 
Etctons "Cent the man i the eet wo wot 
boas to the eel of ening thn sri of wor ner 
{hae rather cneomfetaticcoosion unl tere meow 
imate" wor ta wile" itp tat Ce wry pe 
{erence betwos fhe unared singerapnse tote Sap 
of the hands bebind a child's back aad the azazingly complex 
Fetamen of ih hs eprine o Doageh 

se eg ao aa ome eee 
different sets of levels contrasting “ effects of 
ho became we ot kw what a aco have 
Ei intranets the more complated eapome. Tes 
tear, bowever, at lat that Ths whale pecortancs at the 
feral of the ital cote inet elated wth what 
Inthe thence of 4 tore objective. tm. we have calod 
*"naotve'y which wat abut om the eaperette at the 
subeartia eves Tet then pole thatthe repose waz 
Coser bana thre were ernest x rect, 
{lets eflecting it comerveio, fo which cas thee ete 
ny tdeneyCovarda napparance of reaction any have 
‘erm mad by the very eons ofthe expert. Apast 
Hom dierencce of cocilety aad the fact that tapers 
fie" Surte™ the coe cue and" sequted "i Se ahr 
Scr to compare este of etn open nevoet 
ructaes st cred and wobcrSel fev te nace” 
‘best then be dininated™ 


1 ma nome Iteration Sc twee fo as pal subj, 

1 Pip bem moti in popnincty cont aeppet at an nin 1 
(nog pestoomed ant bare oft neeesinte stanton bat bom of 
soon svtrorecta Iter a wipro tabenaaly. Th 
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‘Here shouldbe recallad the fact that there are recorded cated 
of habituation where the ones of proof i certainly with those 
‘who might claims that the crebral cortex was not involved. 
‘There shook! be menticoed frst of all the phenomench of 
fhe " extinction” of the conditioned response, which ‘wil 
later be soon very probably to invalve the uns mechaniam 
‘a habituation, although perhape in a more complicated form. 
rstinction is indeed exactly the repetition of a (conditioned) 
stimalas with tbe elimination of the motive which wat, 10 
Paviov's experiments, food. Canformably with what sight 
hhave been expected trom the previous discussion, response 
falla away, Yet there ace Tere complicating factory whieh 
‘wil be discumed later, and which might hardly allow us to 





‘wealaning further response. When the unconditioned stimulus 
in presented at the mune time, this flct is then masked, but 
severtheles sill pewent. Thus according to Paviow's theory 
‘what 1s ordinarily called the motive would be expected (0 
fact in presiuely the direction of covering op habituation. So 
Mat Dodge's rls shoud aot be ened ot showing that 
the efit of repetition ia different according as Ngher or 
‘centres are involved. With motive for the contrary 
inated, repetition of stimali within certain ranges of 
Intenaty and tempoeal interval may apparently be followed. 
Dy the same general result at the highest a at any other 
evel, namely, degeneration of reaction which may be mere 
‘or lnm complete.” When conditions ae really parallel ay 
(em 1 not stietly thts, w Woodworth point ont, and ca 
‘primp ant bo tae so by any dulimtaion ef fs oeanag. 10 tt 
Srevver, ft natal to call atest tthe act a the Jota ot eet 
Sol Ge sipidgietcondioes of fr copes mest be tae oto 
(Escaet when aching fo expe benevene” Renghiy st tay be wld 
Sint whee the inmate jreeent eqviuamest meow cial 
[eapabie of expsiiog macoe and on tha other bend the comarenl 
tdocuot nema toomary Sore we can expan fe. tues we oniney 
‘love, Why is tha teagry sais! Una bevading over the 
 “Coahy not slay * Snennee™ of ay inher propety tf 
reat, at Bante of th fod on the ce ede 
Toperod by Palo, 257, 233- 


A 





it 


Sf 
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difference in rexponse to repeated stimeli at the highest and 
‘the lowest levels wppears io be one aot of quality bat of degree. 
‘This in uot, of coure, ‘0 say that all repeated stimuli remit fo 
ructions which fade away unless thee is a." motive” to 
sooserve them. Tt has several times been pointed oul wat 





interval, and probably otber factors must be assumed to elect 
1 diference ia the Kabituation eate, which may ultimately 
“Amount to a total absence of habltvatiaa, Te dock, howeres, 
‘amply that the phenomenca is not necemarily incompatible 


“fe, andl the higher ving forms it aye feted 
Svcd eran wth op oh ppareatly, 
{cates ervous sytem, when i i mown ah srw 
‘laplation and negative adapeatine rapectieey. There & 
to Tale which wil Caters ehether W wil take place i 8 
fren capasinn fo sim of given teal, qualty, of 

fermpoeal interval Telelogeal connderation dol teem 
tou 

islet conciions ar at thie age tle pater; 
tot Hf not often that's moral nay to candy be pointed 
‘gaint copy book maxim, which bas alo the ppt of 
Seertin ted of porchclogia! opinion. Geanng ll the 
Sanditarm foe tite, reptican of statis wil not 
Stake for oascration of repinse. What time conditonr 
ie, re do act low as pt wth exacted, uti aay well 
etn they ace more oer fled than is renal in 
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everyday life, Wom they do obtain motivated repetition 
vil necesarly defect the md of conservation of response, 
‘Quite apart from any eflct of ” punishment 





<cinkaing 
reactia, practice does not necestarily make perfect, as ouay 
howands of school children have found to the sorrow. 
Motivated practice may make perfect, anmotivated practice 
veil very often render luperfection td! more imperect. ”” Oh 
iment ead, that dry drodgery of the desk's dead wood.” If 
‘by Uhe work of those whose remazches are cited inthis chapter 





may mupect, feel that theie labours have Doon meet fully 
repaid? 

* aecvaios uf te toler ave of cuts expend 
by Thoradie oys) "To Dulap a pag de the reopening bf Ot 
fete qoetcn. Se ie vgeeoce pa (50% 


CHAPTER VIT 
‘THE TRANSITION TO ASSOCIATION 

How mech work ba bees doce sail i vain monesewe bawe 

sata yu ly append the fat tate the sagas the aca 


‘oe umettion Setheg bet the tenogtally siegeate Wal ut 
tag movemset™  esinge:) 


Ur the Jast chapter the phasomenon of habituation vas 
‘treated a9 an stance of the cegasism’s selfconservative 
tendency. Being throws out of equiiteism by various lasses 
of repeated distarbunce, the living system initiates compensa~ 
tery procenes whereby comervative equlllrium, « constam 
state, in ugain attained. Sock diaturbances are in the higher 
‘erganiams initiated by organs specialised for the purpose; 
and habituation was considered 23 Involving silt rem ane 
Texeptor Seld only, giving an example of what was called In 
‘the fourth chapter an action sertes of type A 

Tiere it in advimble agnin to draw attention to cartain facts 
‘whieh have already been dscmed in a 








advantage for the organism in ity task of sel-coneervation, 
slchough, a8 we have seen, the ciaim of certaio writer i prob 





cferalution, “The process of association may sow be considered 

from a dightly diflermt point of view. Consider 1 rauli- 

eceptoral erganlam of comparetively sizaple type A dog Is 
ts 
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simalated uni-receptoraly by the woand of x metronome or 





Grows Tee and est saved, tlhe Bally paye no attention 
to the sound at al Habituation has set in, as discussed in 
‘he lat chapter; in the terms of Pavioy’s laboratory the 





separate responses. Alter the formation of the conditioned 


deep enought (o drew blood was made to aequire the peopertins 
of an alimentary cooditiced stimeine. These experinente 
five best opt pat vay sears pepley bet oy re 
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‘been abla to demonstrate, though without any pretension of 
Penetrating ito the subjective ward of the Gog, that they 
‘were lahouring under 2 ‘alse Gmpression, Subjected to the 
‘very clouest scrutiny, aot even the tiniest and most eubele 
objective phenomena vscally exhibited by snimals unde the 
falonaes Of strong injurious stimall can be obgerved in these 
dogs. No appreciable changes in the pulse ar inthe respiration 
‘occur in these anicale, whereas suck changes are always tnont 
‘Prominent when the nocuous stimubes has not been converted, 
{nto an alimentary conditioned stimalus (2627, p. 30). 

‘Suppoae now that the two smelt it question call out the 
sasun response. Sock aa experiment has been performed hy 
‘Ada Yerkes in the papee to which allusion has boon made 
‘1 provides an intermediate sage between habituation, which 
involves ane receptor, ove type of stimulus, and ene response, 
‘and association of the conditioned refex type, with an ordinary 
Forgan otsoleangeen ig op ord 
‘a unigue place among investigations cn learning, this expert= 
‘uve will now be considered in greater deta. 

Mrs. Yerkes worked with « tebocweling worm, Mydroiges 
dianthus. ‘The fest icalas wed was a shadow. Ten (rale 
‘yore given with this stimatus. ‘In the greater suraber of 
ia oat of sonar) th ae 
specimens the animal responded ony on 
‘sto three tines, and then gave mo father respoate through 
‘ut the ten tral.” "Evidence from a later saree of the 
‘uu experiments (ends to show that fatigue isnot the canoe, 
inca the animals are capable under stronger stimulation 
‘of contracting « lazge umber of times in rapid succession, 
‘without apparent fatigue.” Afterwards the shadow was gem. 
Aogethar with a touch stimulus, the latter always indacing. 
a tesction* Aer ¢ time i was found that the shadow 
eonght about a reaction mach more frequently thas at fet. 
‘That is to aay, tomething very Hke the conditioned relex 
rethod was used. "It seems possible that the shadow and 
the touch bave became so ssocafed that the eecurrense of 
the one intimates the probability that the other will follow. 
“The respoose to touch Ss Salty uniform, and alter a few soch 
experiences the shadow, cast before, abit wee, by the coming, 
‘ermt moce frequently prodases a rection” 

"This highly interesting experimest Iss apparmtly bem 

1 Wether two diferent reeyton ar Bere employed ant eatin, 
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comfimed for another species by Pidroa (rgas). ” Molise 
‘id worms retreat into thle ehals oF into ther tubes when 
{alow f thrown on thems. It after the dadow a shock er 
2 kk occers, the reaction regulary cakes place ; but If 
tofblng happens the teaction fo the iadow quickly cease to 
be produced. Ths ian acquired Inhibiiog, conditioned in 
Pastor's eens” (5989.7. 124) 
eB, however, dict (2 decide just what bappened in 
{bese experiments. On the one hand # i posse that wo 
hhave here a true instance of amociation, atnvagh had Mn 
‘Yerkea been wating today che would probably 0 Dave 
sued quite the mime term to devcibe wat se obverved. 
‘Taf to my, ie may Oe that after smoRencoun station 
Juad taken pace a few tes the wedow stzulaa served us the 
‘"aignal” of the touch atimulos to come, which Is the tera. 
ned by Pavlov to describe the ration of the conditioned to 
‘ie unconditioned studs, Tas cave 3 wil have ta be 
ssdored with Mrs. Yerkes that the set of nervous imples 
laitated tn the tobodweliog worms by’ the light were by 
ccton with hae oop Wy fac vera eimai 
Into theme motor paths, "TK the view taken by Go 
smith, who claims that the Yerkes experiment is a true 
anditioned rex (1987. 259). Yet this cannot immediately 
enanume."For thas bees sees thal Mr. Vers expert 
involved two Kinds of stimulation which ciginallytitated 
netral lapses sltimately possi the same Ral commee 
‘ath, while this is not te case with the Una form ef con- 
AEtined reponse Ts fac, whale is scmpeties ma that tbe 
conditioned reaponse attaches 2 new response to a stim, 
here the process of “ awecation " apparcty reactivates © 
response thet would otherwise beve dsappeared through 
In the one case stimaics originally inactive” 
‘wth reterence to a given rezponte acquire active propetien. 
Ta the other «stessiu is apparent prevented trom beeoring 
{native by sivltaneoes pretation with aotberstrulas. 
“Theze are then apparently two poublis, between Waih 
‘he experimental evidence Lardy allows us to decide.” The 
PBenemenan may be e ioe condoned reflex, a troe act of 
fmocation; or it may be an instance of detabitntion by 
extraneous stile, mech as was dcamod La the Ist chapter 
2d iotreted co pe gt Tels at leat crtan that a 
Atha were stimulated by a ght tap, canay fallowed by & 
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ska one, and this were repeated, fataton to heft 
[nnn ate wo rape seh ge posed tod 
i might be pombe fo acchant ir the sel wind tn 
fantion Wypothess by eauming ist at cach Gextie 
‘Sinuaton tiation propemtvely weskoned oy ton 
erecting vont stiesa™ Tati Cae A wenld oer 
matarl (Ext that a he erperant proceeded and bata 
{i ba fost into thn vodet aoa te eet weal 
GG Thr apparetycocaved in hewitt expen 
nthe land anal uptccy, age, Ie ay be sre to ave 
‘Slomed inthe eeprtmen onthe ite eerie om pee 
‘Seu tuttr of ac the rae fc nosed by Bon Yt, 
"The rptte of bets anal nay tine roca 
‘ates (be eect to wear ony tempetriy, ee the fonch 
iat milfs rsa” a 
Nt b Noweyer,consiable tbat the two explazation by 
: sarin ‘Toe phecrcn maybe realy «ple ae of 
= maybe cel ipl case 
Asenciationacoompsbed Cough the proces of dtastinion. 
Bie er or (ae ine debatitaton caperzst. Bean 
cf he tule by 2 ght tap eae carta mvs cette 
Exatatin by mace valor Bow alec ager umber ot 
ervouh cezenty as may be ane, ‘om the ec tht tbe 
‘inal mow moves ot Enh ond ton toch pester extant 
than bere The int natal inercaen Sees the 
Procemescecarig th these to tet of ea Smet 
TE ther tbe mote violet Ww the ap now bigs ak 
Inticrton but excatan. "Ta mache Tw wiht 
fore ancien. ot fst these satooet Dade oy 
Ber cencering tbe sean o te canton reponse 
Er toma, or extopl at = rising seca sae 
Etourd the contimed motor pies, whee tt POAT 
‘aul mus the soe he meondary Se ¢ Ue a ete 
Faling oo several ther powshin tr hs sou came fo 
‘he clacaden tnt tweet the“ ladinon of nc 
fom the eetasoee aly ere) Ito tee foes exe 
tp the sound ofthe cecne a In ct he can thatthe 
Bodtinaed ren a Seri by "the eaters fo the 
ert off of ned eatabty ad of regress 
‘Sem oring. t stinel weang omttesenaly thom” 
{Bevols wag pr tag. se am expan far the 
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‘omaiioned rex which exactly its Mes. Yerke’chaeraioas, 
od thon of the writer wad ether werk om dehebization: 
‘According (of the intecin secaahs and the baltaticd 
cones determine cach of tham in the warvout sym fol 
St exstabiiey wach sre mutually vehted, 20 Chat the 
Saninuationsdimlan, a sare propery, i the temmincogy 
ofthis book, the negaiveadaptaticn eimelss, now Iniates 
Seactan a he real of the genera proces of orgee egre 
Son "The would mate douahiaben the YerkerPizon 
hecomeon, and the conditional rele ultintely ecerae 
Te the came fundamental formola. “A paper of SU Chasies 
Senger rs fo iiew tht Ngo. om 
iy. 

‘According to Sherington iahition and excitation are 
due tothe isigation inte rele are of er gubatances 
‘which tve oppote eflts, These be designates by tht 
Teters Tend Er They ace thought of sa we to neutralise 
cach other and as bang thir locue at the synapuey. hit 
‘Sumption, though somewhat en to previous notions ot 
earl ction, ina care npperted by naerous obo vational 
date, and ble to unity a large body of experimental rents 
‘which mere father iselsted tnd unexplanate, Dav tt 
il aa hypothe, and fe ankly 20 regerded by is exinent 
Propodnder. The evidence cn which it was based lo obtaned 
Fr pa! pesomena, bo he oo Pat aes tat 
cernts socarciog ta tha blgher pats the cesral Darvon 
fyrtem are qualtativey dderet tom those occurring inthe 





lower, On the cxotrary, recent opinion seema to be inclined 
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oepened below the zero point. That is to say, ater # bas 
‘proceadad to the point where & further stimulus produces ne 
‘reaction, the proces stil continues, as may be sen fromm the 
‘ack thal « longer or shorter recovery period may be necomary 
(Humphrey, 2030). These facts seem consistent with the 
Ibypotbesis that habituation may be prodaced by the presence 
of Bhecriogion's 1, Farther, when habitation is extabiished, 
42 violent stim, by releasing « relatively large amount of E, 
the excitutory substasce, might reasonably be expected 10 
‘omutralize the accumolatm’ 1 and endothe werk ofhabituatien, 
‘That 1 to say, an intense shizvelus aay efiect debabituation, 
which has been seen 10 be the cate, Fioally. from general 
connideratioas fe would seem reasonable that if repetition of 
ww atizulas of sight intensity cuales in the accumulation of 
‘© certain quantity of 1, then repdiion of one of greater 
Itenalty would accumlate « larger amount of the same 
smobstance. This latter accumulation would prevent the 
fcenrrence of reaction to the less intense stimulos. That is 
there would be habituatien to the more stense stimula, 
‘which would at the tame tne cause apparent habituation t0 
the leat intense stimules. That is to tay, the eflect of the 
Intense ximulss would appear to wear off, {thas bem 
obverved that this is apparectly what keppened in Ada 
‘Yerked experiments and also ia certain experiments of the 
write’ (2g9e) where repeated dropping of» metal ball gradu 
ally Joa sts ahabiteating effect’ on the sails withdrawal 
raution. Tis tntativesuppston would Gs epparmty 
‘it many of the facts of habituation. It roust, homer 
id tnt nae conten elt In imag or hw 
repetition of a stimulus coud result in such accumalation, 
for at firtt sight it would appear that any inbibitory submance 
Inft between tuzceaive stimulations would bo automatically 
Neutralized. by the ext stimulus. "So little, however, is 
lenown of the method of operation and production of these 
hhypotheties| agencies thar such eccamulation cannot. be 
definitely set down as imposible, and it would not indeed 
be impossible to constract x scheme by which the necessary 
ecommlation eoald be ected. Shecringwn himself states 
‘at exritation may be connected with the production of the 
Inhibltery subrance, A further aiticalty wenld appear (0 
lie fn the fact that the time intervals involved in Sherrngton's 
data are much smaller than those involved i babitustion. 
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‘The same plen of fosulicient information may be made with 
reference to the problem thus created, The apylication of 
‘Sherrington’s concept fo the problem of babitoxtion Is 
‘undoubtedly attended by dificaties, bet ta spite of them 
such application goems justified as very tentative hypothesis, 
Up to the present tae co kypotbess apoeae to have Been 
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agains: fact"? And any mach provisional 
schema veers better than the procedare so often adopted in 
peyebological thay, by whick an Handerstood process Is 


‘Ada Yori’ experiment thes apparmtly stands ay 4 8 
media between habituation, dchabituaticn and assocation 
proper. Habituation may be said to be a simple form of 
Ei podifeation by surrender,” earning net to do ", change 
of response having proceedad ‘act by the soquition of a new 
response for « given costext, as is primarlly the case ia the 
conditioned refex, bat by the dropping of one engmally 
‘occuring in 2 given context. In the Yorke experiment ere 
1s retention of response in spite of repetition, and because of 
‘he wizoltaneoon presentation of another stimslas, There ls 
‘etention, but not acquisitien, while ix the ordinary ferme of 
the conditioned vespone proper there is both retention of 





Xo wo are to dd certain obaerations of Saegton's which 

sree a egie Sa ee ang 
felon oo theory to the problem of habitation. 
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Lagrning suf to 2o—Sock “modification by rurrender“ 
sppeare in a mare complicated form at "learning not to do 
‘Using. Te has bees seen that lmarning may be considered 
(tp consist ia an adjastuent to a totalstinslan In "lear 
to do "the primary rest fron the polat of view ofthe rexpanee 
4 that reactions are retained, combined in x new way, oF set 
Off by a new stimulos To learning not to do, the primary 
‘emu i the falling away of response. In each case, there 3 
‘ntabished a cnnatant wate af Use end of (be learning process, 
‘Yat this constant stats oc aquilibrium is in the one cave stwtie, 
in the ollie dynamic. A child learas not to touch baraing 
‘objects. The fnal reruit of adjustment to the total series 
of stimuluscepresentations is ix x oormal xGult indilerence 
‘to the originally attractive stimadss. This indiffermcs ia 
Censtant tate of the orguniam with reference to the pariculas 
stimalon i: question, parallel to the constant state achieved 
by habituation of all’ kinds. —A8 lnvolving. lack of nctioa, 
beige geld nie ageytinnrd 

iow in its parest taation ist wi 
receptor, that ia to say. as regards externa! stimlation. 
‘There are, however, certaln cases where the same kdnd of 
‘statieal eqaitrium ‘may be achieved by the co-operation of 
two tnd two qualitatively diffrent kinds of wizalae 
‘on. "These cases aze woe that &stimalas which was origtaally 
followed by overt reaction ultimately ceases so to be followed, 
‘ot fram repetition af the sme stinmalus alone, but became 
of the occurrence of a qualitatively diferent Lind of wtimulas, 
one affecting another receptor Seki. This procem seems to be 
alligd Co the mare simple habituation, although as involving 





‘of astociaton. Tt also may be treated as tranuitional to che 
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latter type of reaction, again without any very definite 
Aiplicafion ofa src ine of Gemareatios. 

Tn this category of hearing by surrender come many of 
the earned avasdance reactions of early hmman lle This ay 
be intratod by the proses of “leaming to contro! tht 
adder” 

‘The prisence of Suid causes rhytlmic contractions in the 
smascalss wally of the bladder. These contractions stlavlate 
temory ndings in the wal, thr nervoo iepuler ths 
‘riginated traveling to the spin cord. Here, apparenty by 
{C process of summaties, Chere are initiated impulses which 
Yeodace motor impulses to the muscalstere of the blader, 
Aid at the sae time ispalaes which inbibit the contraction 
Of the sphiscter muscle wiich prevents the eu of tbe ful 
‘The whole proces is quite automatic, and can be carried on 
tito the co-operation of th Reber cre. as was showy 
Dy certain cases im the war where injuries to the spinal cord 
severed the connection with the brain. in erdizary clrcum= 
siancen, hownver, this relatively antonomoes block of rex 
Actions iv under the control of the higher centre and 
lllmatly of the cortex of the bralo. “This mers that Hea 
‘be Broaght into ealation with the external conditions of the 
‘rants, as these are registered by the receptors, Thun at 
vay early age mictirtion roay be caused to occur by 
stiqalation of am auditory or ober land, and fe may within 
limite be prevented (com oceurting except ae & ret of rach 
stlsulation, “Such " esotrol” is ordinarily attained fn the 
Petlod between birth and the fourth of Ait year,” Its 
‘iablighment has been shows, in the case of one inlast, (0 
fellow the form of the caree of learaing (Hl and Hil, 1610). 
“The same proces of training may be observed ia" bouse. 
lean” domestic animal Tn both these cases it must be 
tsruzned that tho stinalus for a wile Bock of ree activity 
is preveot, bot that operation of the whole mechani is 
checked. by inhibitory tepalaes from some print higher up 
{in the nervous system.  Whather sock “ raising” is entirely 
dus to ousuething Uke a gradeal peocest of "learing", oF 
‘whether the maturation of nervous tracks aloo plays a part, 
‘is impomible to any. But there ia no doubt that in the 
Adult cvlized buraan being oc Bouse-cleaa domestic animal 
fhe pelzative relex is bnhtatable by cerebral control In 
im operation sacs control prevents the functioning of a relex 
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‘whom bslogical timsinsspeveat. That is to say, considered 
{Bow te outude itis ux imtaace of "Ieaming Sotto 40, 

‘by sureder. "Physllogcaly, however, the matter 
2 noe ao dimple, for the act of mlctetion involve, an we 
Ave see, mar impala the imucla of the badder abd 





{m ove half of an aquarium which was divided dowa t 


‘while the larger Gas ceased fo jexp st the smaller, when the 


2 Te wont Bae ot had cen to he eign pape. The emp: 
ments bave sppercy been sept, with intenng vutonn (0 
ovieys aborry. See behinds, 588, 2178 
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sereen was removed azd the minnows allowod to sri round 
‘he perch. This they did withoot molestation, the natural 
“telex” having bow soccesfaly iitited. Thin hibition 
persisted except when the perch became ery er whan the 
Iinnows moved too fast, Triplet seports that after the 
partition was removed the perch would swim up to the place 
Iwhere it had been and then tura, ax though it wee oll Ce, 
And that they appacealy crossed into the other half of the 
‘aquarium only with hestation, 

‘Here again overt response to a steals was gradually 
surrendered, until tbe onpunism was kit undisturbed by & 
stizlus which fad originally couwed vigorous reaction. With 
Tefeence to this stizaaias there bas thes been established a 
sate of satical cqelitriam, ‘ot. again, by thecr repetition 
‘of ae xmalus bat by the co-operation of atleast two receptor 
‘lin, This shows again that jest 42 hatitoation, which is 
the cotablishment of such a coostaat sate. by. repeated 
stimulation, may be broken down by simelation from another 
receptor Geld, va a proces salar ‘nits effect to habituation 
aye free by ech cnn ein The poms 

face, and is ordinarily known at leering 

nn tha way pe oA een te 

‘oat powerful reyponses, sack as that of food taking. Cevtain 
‘ogy, for exarmples with which Sebacfer experimented refrained 
‘roa eating hairy catepiliacs, and did ct fed at al or some 
days after being.” pariabed” with an eactic ahook tor 
tating certain kinds of food (19t2). The ceaction of sex may 
be cel in a simiar way, anv up tow certaln point (Mes, 
Yoag)._ Ta fact, many featares of our civilization are apparently 
‘only made poesibie by the” socal inkibitions ” which are 
Iighly complex instance of learning by marender "and have 
ther simple counterpart in such experiments aa Triplet’. 
‘Th decalogon, couched as it % mainly in negative terms, Se 
1 comprehensive statement of the chuet sitontioos where & 
‘eimittve society erected such socal inhititions, Tho Frendian 
Sctrine ofthe Censor refers to the etwerk of eocial situations 
‘where civilisation han decreed overt inactivity in plce of the 
Activity that would otherwise follow. As contrasted withthe 
Simple experamental instances in whicd anizals mere axed 
‘hese buss " bation," are of couse of amos incredible 
compleity, and. great caution amet be cursed before 
sequin from ove tothe cther. But the fundamental eect ot 
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‘experiance seems to be similar ix both esses. Am organi ia 
‘cigioaly excitable to a certaln azure of acton by 6 taily 
‘deste elmahs. In the case of the aximals puch exritaticn, 
‘was directly observed, i the cxge of the fmman being our 
cxperienee of homan natare and that of generations of lew 
‘givers enables ux to dedisce with some certainty that it would 
‘ecur under " natural, untrained or uncivilized conditions, 
‘By mans ofa further excitation of other sense organs, which 
in the buman examples is of a high degree of complexity, such 
cexctation it checked. We do not “learn ” ot to Kil cur 
{ellow-itinens by Liling « large wember of then and dus 
gradually Deocming indifereat to their presence. Stiolatioa 
‘of another quality is necessary to teach this lewon, and this 
farther miculntion is elected by oar total general and mora] 
fining, At eas, this is tras of voch of ws ab are not criminal, 
‘Ths we actully de acquire toaatimulat an indiference which, 
4 effect, is similar to the indifference revulting trom habiton- 
‘Han, bat which ditlers from it in that itis brought about by 
stimulation extrancous (0 that presented ia the ltvation, 
ancarad, 1 we “ape the rod" we ae eid t9 spa 
chs 

Tt is then apparently posible to make (wo clauifcations 
of atinnal scording as thes effets are inhibitory or excitatery, 
snd further as these eects ae inmate or individually acquired, 
firing in all foor main classes. ‘There is the stisalas which 
(Prodnoes an overt reaction in the living system, the frat 
tne, let us say, i i presented. Such are the stimuti for the 
positive reflexes such as Sherrington treats, end sock, pre 














prodaces the responue in question only when St cccury at & 
Horm latir than the Sait of a2 action aries, Such are the 
conditioned stimu of Pavlov, and the sitartions involved in 
‘ast of the vastly more complex acts of kumas lmrning. 1s 
the mine way, thera isthe "innate inhibitory stiles, sach 
‘agua as Sherrington teats in his study of the more primitive 
2 Tala oniseation of meee. of pregsic ve oaly. Tt 
mete fe is coat oct or ot al toc of tay hind 
‘bead be countered i> bw meses tat 2 ys oe Who wet 
DindivGen eviroment. Sv Garsicasl, 1625, 





‘THE TRANSITION TO ASSOCIATION 99 
sifexas, and soc, probably athe inte til which ae 
the elective. conditions of attention”. Example of 
{nkivion matey dtersed ae to be foend plenty fa 
the internal econeny ofthe body, ei he recproea inion, 
St antagitie mai, hoapce Ue wr vam of 
oars, & ative Gtarnines action Sor fhe eppond sn 
‘Finally ‘here i the soured inlery sss. wich i 
pun sapiyMlsrabd by my experenents of Favor, und 
chown a mare complex fren the cn cad 
this chapter, To Thornes terinsogy, tere are bond 
trilch may be eter ate cc acquceds aad ether lading 
To action or hing As eoling estate ol act, 
Sonar to that wh be prodaced % many cass by thet 
Fepelin ofthe stints nd a Delgo la 
toe ale ables, (oe ute cs of schereponge 
‘eatonhsbes eaten carb eon 
fl though 2 taut the o-opertin os 
Itt to Fela elds these reactions ight eal feat 
bly be tented ss a pec cae of tncatry Seen 
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Teas een see tht bom a action ei of te simple Cpe 
‘re an xpanime sjeted to a rayne, see ot 
amporaly rete wal eSectig eae rors oly tare 
tmayscboraiealy be developed e npc type of usin, 
Sig ch max rer iva ig 
roomy ecto. Thon i obtined = reponse the 
tandidanedsedex type. Tt ke to coset tis type of 
"rl mcd of Cia Rf Cn 
tie inant Reouan phase, py Nob Paseo 
the eminent : voto 
fo Sn work en the Gaunt eink "Aendng hs oom 
feevant Pash inveigaton were init yh ceca 
fon that snl ayeie” factors payed an inpeant 
Putis the pecan ol Ggetion. Toe eng ora topes 
we he conitioe! re hat utd centtonay ft Ore 
ity yeas, the Sst being pablsved in tgp under he te 
Ouurvtion pon ‘altnry.Secten Greve, spe, 
P23) whe th a, dtmny be oped ye tote, The 
Fly othe vay secretion want noo aceien 
i lta Gans kal tes Selgted by sasy wert 
Sink tbe mane” pec seretion "hel new was 
{he method whareby the apparnty carci an f tse 
(Gives wes pega ond the eine of oxic sce wont 
fe Sieve ofa pyckc: acpl Wt or 
Ingest ee or makin! 
+ Pn Dade 9. 
= 








‘THE PROBLEM OF ASSOCIATION ar 


Tn giving the woeld the conception of a radon us the necetaary 
action of am erganiam consequent upen stizulation of & 
evgptor, Descartes had introduced into physiology the ideal 





produo salvetion, Ealvaion can alos be prodeced, homers, 
E’ctherways,soch as by the ugh of te food er even by the 
fight of w panen who amualy Wings food. For tach ation 
tt na ae al exactions beter ran 
ina, ad yea vegans ag pone 
ye ter ‘hon some, oe ope, a tan nd 
fe St at en (veeaad Oticaa 
Person who Beings the procs el tothe asics 
{loa of ideas which was thoaght to explain milan actions In 
hraean beings, Other actions peed to peceals som 
‘i coice on the dog's pat. The dog any cr may 20tsalivate 





‘particular situation depended upon the falfiment of certaia 
‘Rrictly material conditions. I! thew caoditions were falflled 
Pavlov showed that such secretion coold be just as closely 
sontrolled end prophecy fost ws accurately roade concerning 
‘thoes asin the case of any other reex. Thus it was found 
1 Desatie, Tras de Pham, g Fp 19088 Devcater sorparnt 
the action of vom tet ibe fot i tag off eer 
‘aechaninl Specs Sew Seton {09)2) er me timate of Dore 
meray 
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pouble to dispene with the bypothesis ofa peychle prinepte 
tind to apply the tandard methods of pha sence to 8 
iss of problems that bad hitherto wemed intractable and 
‘myatcions. It is worth whe to quote Puviow’s own words, 
‘ritien at the deginaing of the experimental period in 1904. 
"There now ari an extracrdinary important quention by 
‘what ream. would it be possible for m fo investigate theae 
Inter paychic relations? After we bed employed number 
of diferent methods, we determined ‘0 Use the objective 
‘urthod in the investigation of this matter ao This means 
‘hat the experimenter ignores the conceivable aublecive state 
of the object of experimect, and concentrates the whole of 
is attention ‘pea’ the problem of ascertaining in falet 
‘possible detail be external conditions wes have any influence 
pon the working of the salivary glands, The paint of 
epartare for sch investigation was formed by the ten that 
‘ecalled pyehac secretion was fondamentall a specie reer, 
of the ze nature as secretion initiated by stieation of the 
ral cavity, with the difeeace that this peychic reflex many 
be inated by stvall affecting ether receptor verlacs, and 
{Gat iis 4 temporary reflex one dependeot upon determinate 
conditions. In this way the goal of our further inquiries was 
clear: it consisted in the determination and investigation of 
‘hone conditions undar which thove special rece appear." 
‘By contrast withthe usceoditiaoa) refexes of Descartes thse 
‘reactions were termed “conditioned ” rect. 

Tt was soon found that the crdinary laboratory precaations 
of the tne were inadequate for the deternization of the 
cxcenively delicate conditans. The pow is well ade Dy 
Pavlov in szotber connection. “Constantly, every inate 
‘oe might say during cur experioents, there may be seen 
a postive reaction of the anumal to each variation of the 
rurromnding situation. Every sound, however faint, that 
chances to occur, amid the constant sounds and sises that 
surround te enizal, every weakening or increase of these 
Conran nelies, every oocliation of intexsty of the gonecal 
‘mmination of the room, whetber the sun hides behind the 
clouds ce ray of ight cromes thes, every suden ring oF 
owering of ight of a litle citric lamp, 2 thadow which 
cromes the window of the room, 2 fresh odour that spreads 

* evry Nobel Lecter, Stacia, eh December 2004 Favor, 
986.3 a 3) 
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4a the rom. a pl of cld cr warm sient penetrates, even 
fhe ligteat pombe gringo the anioale on, eck A's 
fy, aengmaat of pater tor the cling, ee" say exe 
8 setioy of thi Sad part ffm sal od triers 
write the experiment So Alicaey atened isthe empl 
Srgunic nin fo exrmal change Peviow, 13) 1a 730, 
{hereto by the generaty ca Bsus ma, tee was bale 
Femarlahie ew brary i whch extucraty reasons 
frre taken apiot events anturtance. Some tan say 
SE gives of the tberoughnee with whic tis wrk was doe 
Som the deacon given ofthe sound pret roo he was 
a which comprand scceme tapes comnating of wax doth 
to aves of wadding. mest ceded mele ne, cock 
bey nated bem, two layer ofl, veneer, smd, 
oer two ye fle, th, fa, 0 
Iyer of el coment to aye ot 
Maddlng, and wast "The doors of thve portonouly 
Toitad come wee obi, and conse inal Carty a 
Ionslating nets The siabrate rooms wee AS Het 
ff ict (ound essaceary fox rote werk and vere rerved 
i they, ine peton | ewng tt 

” ‘he operator wa ack fst 
ie oe oe thealvary set bang 
‘ucomatealy seared by a> onesie ‘a 
Elaborate meamuren were wand fico to samure conaloney an 
tented ofthe sall" Fertbec deta of the methods wed 
Stil be dace inter. 

While Pavlov vas developing bis method, oth workers 
wwe active soog sida ise. Thon the late Profewot 
Bechuarey, Pavlov’ rial svat, worked as Sara eels 
fn win he ald the" sac seex "at St. Peterbeg. 
‘Sig many the reathngceex and the ota fefex procaced 
yang te eb an eso such tn he Ig ek 
‘Wilden. Kale in Germany cond the vse sled on 
Bogut Tiare sorte ave are between tbe three 
Sethe an uniorecate guenion of poy. Anyone who 
Fil compare te pubbiatons of tbe we mat, Bower, 
inne to hn concladon that bs guay and quasi of utp, 
id in general power of thougit, Bigs boto the probit 

1 Su Peter, fr sneer dcp etal 
ements 
Exeieaeend 
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‘and ingeanity la overcoming the severs diffcultea invelved, 
Pavlov is overwhelaingly sspecor, evea tbough Material 
‘ecm of the general tend of Giaes may have inspired other 
‘Bvetgators to werk srltansonny or cwo sigh Delor 
hip along the same Kes." 
he pute of the conception wen san aprrecatel by 
the bebavioerist school of paychology in America 
Ruan sbjcive sso inte by Siecheaow  66 had 
the vigoroully combative 








‘rocm, turtle, binds sock ae bean and gen, et, guess 
Fie. sheep und rockeye: ia aditon, conditioned fetexee 
tie been obtained spon chien by various mettods, and 
on various hurean “Frocks, as the leg, already 
ind op rn ue ae te 
Silvery reflee, snd lanl, the arealed" paychopal 
reflex BD 


* ex Pavlov, 946, >. aie fr what appa te baa, nde 
jou Toon. "Past Sas as fhe tnt tat the = pyee 
‘cnet an tbenne? r 

Ecpin ee wy 
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‘The geoeral sane of the experiments it cow soiciently 
wel ‘known, In the eigial werk of Pavlov 3 caste 
‘Samia in mbjecrng the axial to ome forms of bologieally 
seqante tials for salvation, such food 32 the mouth, 
fogether with a soma sizoals, wach a Hght, whic was 
Cclginlly without fect an the slvary teazion “AS i well 
Imnown, fhe second stimatos comes to cal ovt the tlivary 
Teactin, Tu Pavlov’ termiaoogy it becca a fils for 
{in response i the condition bes been fullled thet the two 
‘tinal have boen peeweatad together siliciently ater, Ta 
{ation 0 the rina tra "andtonad euch snl as 
fhe Hight are often called ~ active”, a8 contrasted with 
""Ynaetiv "atic whic ater taining Lave no eect othe 
respondein question © soretines they ae tome” econ 
by Temtrat ach the" rary” or Wega alognte 
‘As lateral part of the sethod is objective regtration of 
Tn oer to make this posible tbe dog = eubjcted 
{o' Wight operation which, acotding to all uceounte, leaves 
him in petectiy woroal heath. Toe kin i eat and» zal 
Pisce of mocous membrane Inse the mouth and containing 
the opening of the cazal fom the gland is tarzed though 
to the oatede. The amzetion* i 
ouige of the animal's ebeek and Bows cxop 
1 pecially recorder. 
‘pertion the dog i 
beroked, called by his 
Powder'by hand. Ox 
Mall and attached to 












forward the object in to accustom hin gradually 10 the 
‘apparatus, On the third day the dooc of the experimmntal 
chamber 9 closed ; on the fifth the animal is fed four of ve 
‘Snes with the soond of a meiconome, The experiment has 
eqn. 


“The tne of appearance and the fiation of the conditioned 


epiniry rofeme The et of ccm sake no pres at bing 
‘Stimatig, Tis pony fu meriy ap the exes cen 
‘seg work. A bogey wil be Sed lx Cane, 2955 

"Eller the post Yared fe tbe chen x che wohasiery or 
swhingua gn adr te agen. 
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response varies ascorting to the reenter maften employed, 
‘he poecae method axed, the iodlvcualty of the dog, and 
(ther sock factors Tn gizer, icications of " aaseciaion ” 
‘kar from thro to ve simeaneous pretation, 
‘Aettion requliag approsimatey tex to bfteen scultancous 
Presentations." Pavlov gives twenty repetiions a8 arimariy 
‘eocmary tafe the conditioned stsrals wil nilermly aveke 
Ue reed ceneton ota fall scene 
seen ary of Refs His expcety ing 
becanne fea, procedace woot of cteats 
problems is aised! Pec a tll lel. of these the reader 
I relered to Prvioy’s own account of bis work, which ba 
Yen tranaated into English ‘ander the Ue ‘Conditioned 
Refers (0937). Cxttin questioon only will ere be canvasned 
og acnan ober parse Ferace te the canepin of 
cr oe om hiner oh 
tcvtodantl cots the mast obvious problem 
See toe dibreaee ithe Set tv Too oped 
fmm. Sch difference bas airady been recogniaad in tha 
hapten aan, mh eae, 
‘wo mel repeatedly tall autaneocaly upon the 
seo re pen wi ec wh 
‘way the condition > “aocording to what 
ge wi the bel cae the anna to state, 
‘Te he on dove nc exe om fo tak tothe bal? Fane 
Ainewers thin problems by saving that there ix a certain 
Nerarehy of Felexes. ‘The unexnditioned selex must be 
Pirsapeaiy’ the ‘cong wd of ology grate 
"Ta alimentary redex stands very high in the 
Teracchyalthoagh there are cedeaes such at Thote Involved 
in self prevevation wich stand higher Even the fervout 
ionpuian caning Sued and along response san be ivertod 
toanotber mote powerfal centre. What cases 0” power 
‘alex Pavioy doe mo ay. 








Aominatea i competition with others for (hx Gra} commen. 
path Pavlov's bimarchy. however, exhibits variation’ 
‘Apparently lacking in Sberington's scheme. Tt uctuates with 
‘he Muctuating effect of certain Gologieally adequate wizll 

1 Podhopacw, 90h, 7p ness. #27. pats 
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In order to provide eneay for its behaviour, and thes to 
perpetuate tn own existenes, the exganisn arust tom ume 
A te epleaia te supplies of cian atti such as the 
nergy producing and structere balding substance called 
{od the equally sndlopenabie guid thar serves for esky 
‘yen aad soon. Now inthe bigher creams the" needs 
corresponding to these replecisbable materials occur more oF 
Jem eat. Ts an takes Ns food at” salam 
‘Among animals in nateral sxoundings movesent towards 
water occurs at interval during the day, depending on 
reumstances.  Experimorca} chvevations bare been made 
‘upon the periodicty of ack food. and. drink moveniexts, 
‘hong cn roa hy Sarees bred es 

“atervas, almost purllling the "eal. 
Gi af the Grin! ela "The Pecos thew tha tbe 
fa is abt ees ay a interval of fe, d & 
arte hours. The periodicity of the thrv respona is quite 
{romans az that of tbe banger reponse, th view of the 
(crent conception that the rats cat and drink a very frequent 
fed regula’ "iatervas "Thue sUcull corespending 10 
ies fedamental "rive "are weighted fom tize to tie 
tnd, in many forms of Ute shythmically. This weighting of 
‘special iol is ppareatly only an accentoation of the 
erally increased wnitvty known to occur wea the 
Sima! f "hungry "or “thesty™. A. Bingry animal is 
retese” ia qeaema; the threshold foe a lange muber 
cof stunt is wered, bat the anal is apparently particulaly 
‘ponsive to food.” When food bas bors takes, this speci 
Setekvity seems to disappear, and the conditioned refex in 
fot formed. ‘Thes Warner poles that if exizals ar let. into 
{he food compartment after they have jut eaten they ” fl 
to teaposd to the food any more than t2 other des ™* 
‘Accordingly itis an obviows laboratory vale that wea the 
food reaction in being used to form 1 condoned reer, 
faperineats can only contanas antl the anim is sti, 
the daly muber of feedings varying rena enieal to animal, 
swith an average of ftom eight to ten. When acid ted not 
‘ore than fia ox ax applications are potibie, With the 
lctic shock etenall may be repeated foc az apparently 
‘limited camber of Himes‘ In the seme way the female 
4 meng 207 1 eat rates sar 8 
1 Raduopoe, £908, p28 
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sex reaction shows 4 periodicity, at Jet in the mammal, 
‘hough Warner * does not detect axy sizilar phenomenca in 
the male. ‘The duration of these periods &, of conse, diferent 
{nthe care of different wrges, that fo oxygen being cxneiderably 
sorter than the othere coauldeced, These primary needs, 
‘which depend ultimately poo the fact that the organisa i 
2 salimaintaining systema with its ows enmgy veserves, 
corespond to what with otlers aze called by Woodworth 
dependable motives They are, indeed, dependable bat only 
tie apparently 00 this Qactunting diference of seastivity 
that Paviow’s Blearchy depends. “The blerarchy functions 
only at speciSed times. Kt iy in the life of the aximals, a 
hytumieal pheomenaa. At certain times it ie overthrawn, 
‘The conditioned expense may be properly dcveribed as 
mativated, and as sadject to the Auctuations inseparable from 
the motive that is used. The fectaations dpend 
fact that Cae equiltzimm of the exganiam ray be 
disturbed sot ealy from withost, but also troxs within, stimulh 
corresponding to organic " needs ", which are of a Bactueting 
character, themselves exhibiting s corresponding actuation 
of efoc: Stimall calling oof pectective ar tamervetive 
espondes are, apparratly, edatively invariable in their efict, 
a least when the response in quertion is intenve.* 

Cloualy connected with the problem of why the ball cxmen 
‘thn food veuction, rather than vioo versa i indeed it dora aot 
favolve the same fundamental probien, is the fact thet the 
sponses of the two stimeli behave differently on repetition, 
‘Attention has akesdy been called to the fact that under 
‘normal conditians the secondary stismalat is criginalyfelowed 
Dy reeponse equally with the primary one. "it must De 

ka Wacta,1992 pp. tts 130, 

4 tone, aa 

> The cacepion of the Btrarchy of tbxalir reer (Pavey, 1927, 
‘with antto’s peice wets in 198) wm ow to have bow mip 
lected by tat of Gu domieant Jecvedaky, 192), wbereby te 
‘disetin of the eentral ipl faiated by an extaraal rena tt 
‘determined by Uae mecmenacly " emcaat" care. Sot PaVy, 
‘pl, 3, an inhi, 2p. 319“ Deties ~ wea ah 
part be shytumicaly detrrmceed by pertouse orale seat It 
‘Sania be added tbat Pavlov hamaed the tht Se anecaaieaed 
sioah pes co a td ep ey tie 
ts. 








open. Ti. Pav’ sees at ie one of hr poole 
Srreimenta tn ts voy experaent te doy tums fr the 
‘lectins toe whch hae tees castary fo reent the 
food and bein Yok ta pe vigor» To sod of 
the sero the ago! ford ed the anal ents 
{ottetgunl a the wae fay silitwee food, no dation 
fan be dcyed between ibe ecto fredaced othe minal 
by the beating matronome ad sew ee fod” The 
Chast aaton = repene fo thei as gone, ards 
‘lice sake by reaction ower fo. 
hat we have sat ote repeated simlanees prteta 
tin of tg atl, the rapa one of whch ira 
hie hat othe ter fontaton) sapere Now 
Fmt be tener ht der te rope nin 
reson “twain Wak depp eal wt 
Che the Uh Sad thet he ae cendions under 
srl the = amaciaton "doe not tak pace. They ihn 
Seen vom Gat he utiated mal ot bo fod Texpeces 
bi, darppeeed catoet be "emdtioned" to tod, 
‘ot these abate pecstenc ofthe uncandned respenne 
wah ohich we ave 0 del, Out rather one WB depends 
te czvamerancan tad ene whch contre wit the itive 














3 r permanent 
develop to tbe sound of « bell f this is repented at the proper 
Intervals, while permanent indiference to food can never be 
deraloped ia 4 Uviag crestare. That a Bock of sboep hy the 
allway line wil rapidly grow indiferent to the passing trains 
bat cam never grow permancatly indiferest to the werter in 
‘the stream. We tius bave a problem of wat may be called 
 difterential peristence ” of reaction. 
3 Poitcpaen.P Some 
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AL feet sight It seems that we have here to do arth the 
phmomason of habituation. Te will be remembered that it 
4G the intense mocnous atiwulas to which habituation is with 
ically, if at all, achinved Ta the ordinary conditioned 
Iuflex experiments ‘arrangements ara specially made to the 
od that hateruation oc ies counterpart, ealety, doea cot 
‘ake place to the alimentary stimelus, “Thus # might be 
‘thonght that conditions in these experiments are auch that 
because of a diference in speed of babiceation there oatually 
fellows a diferenca in the persistence of reaction to the 10 





gente the ction cmt gerne nt 
{uly Sh tat to the snoniiocd stan atthe end 
fie tne mia ey the ee 
er sone Many cxpesnenty 30 Marge 
Sond raporse tore genes une mie 
Condiann ‘Tot ecery, however ll Tht Ie 
ede om ths vw 8 rence Yabo ine, Soeh 
 typotbene would eplan the ston f the call 
ution by their intrinsic action apart from the fact of 
Mocitie 
soa oa hn experiment as ing 3 indo am fx 
an capt ang 5 edo a 
the eats of Suan It ado, wotd meant 
Gs act of cpattes pon repos to tae cindioned 
‘tinsee the fame easly, inkiaton wheter ior 
Sind fees te beg farmed @ not The arin fh, 
{Sree phnomene wish exkbst very simian share, 
nl, the extn of the cxigoal repos to ar cone 
‘Gieoel eases whew Genin euaion® exc of fhe 
‘sie rspmse dng He formation of cononed ek, 
{Bi ert ofthe aly trad ethionad b 
Tie hat of then plano, samay, that tamed by 
aviv he extol ete tonto rape ba 
‘needs a certain preliminary description. it is well known 
‘that if « conditioned stimnlus such es 2 light is repeated » 
tbe of tines what the Sot ir ge to protece fhe 
Canaan’ action deal fas of or c's fay agun 
Iectve "Sac exineon Bo ten eon obtred fat 
Iijeck Thun e weiter tninel a ebjet 1 rapend te 
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4 cera musical tone by rusing Ma hand, the primary 
fits being. cx Sectoe sock.” Wher the teaakag wt 
‘plete, two" conditioned” ened at Sveaccond Intervals 
‘were cach flowed by reaecses, bat a sia of twnaty-ive 
Treiing with a par at quareecaccond Itervaly prodnoad 
say one such rompnse.” Temporary " axtnctcn” be taken 
lice, whlch war removed by a ret of alfa sme Such 
Reinet” has been Oburved by Davin to fale place 
ith faeeasng intect period, Hs conitlonod response ea 
Teed on dogs (2937, p. 9) and by Bectterw, who worked 
‘with boran tegen to hotel & nga latency os the 
Exuncton progress (2636, . 244)" Tae phenomcoae Bay 
fivays been observed when it a bees looked fon, and isin 
{ait tveceuary corollary tothe termation of the conditioned 
Talnarned, woud bet log! avery, aod repeticn of 
the tht wheat the food’ cry the station ove al 
thers that shou ead to learning. 

‘Now Pavlov found that the extgsibed refx cout be 
restored by extraneous tinal by the ancandtionel sms 
{by lap of tne. Tt he bece sean that alae ethbgs 
‘Say’ by and to retere exponen that have doeppanred by 
Taittoation Many authors have reported debubication by 
lapse of toe, several have observed Hs occerrence as the 
result of another smslin AS eready potsted ext he latter 
‘Phenomenon may eualy te exhibited in the Ica wink 
Reaction, which may Be revored by a rather mare itches 
‘tlwaiog afar danppesrance Oneogh repatticn, It has sant 
Stnerved ao by Hohoes in ea wchion (13), BY the writer 
in" sols and tertes, by the writer and hi coleaee, Dr, 
6. 8. Melvin, in Wags. ielar expecinents tne teparte by 
Pitt, who dae the parallel with Paviov't caittin, 
and by Paslow Bimoel {ige7. po a36). Paviow then claims 

"ok maton, cy, p24 

UCU csrcety iat Petr feet at very tac simt 
seer ios Seascale Te 
Sow pees rn apa wy Le cane ae Seen two 
Se vatutry tnd ilteny roms iy scar ed tor ate 
(osvutcs smo cian ori uc Hey ot eed 
Slope by meas cd vac coo ow ot oe rng 
spermine mite Irs poate nt ona Favor epee 
rem etna cd by tae ve decd oe ac 
ecowund¢ renin of dro soba 
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that the to proce, “satiation” of the rataton 
Feapone, mich it what ws have called habit, and 
‘inci ofthe contend pps er the se, Peeing, 
{ir cami to an lvestigaios by Breuer WA. Pop 
thie, be say, powen ter cy. adaion fare at 
Teadied te weghty entonty of etal (a7) whe taker 
ach the ane pt 
Thorac ( svt apy att ta he ne 
ib nveved the dnppernnce of he let: 
Xory telex, daring the fection oa condoned Teaponee 
Pavlov os sate iat every new Runes whee sabes 
{i lnvesigtoy sue core om topettion sa rv any eae 
cles the’ sth aw been felted up wth ene eer 
Toten” "This would pehaps Indate that in rect of 
reponse be matey no Garton betreen 
{he "tlan of meh’ s imal when greeted alone ot 
Miltaceosly with he coostioed stimdah 
Tn fact, thre 80 dou that we here have to do with 
three very nile proces Unt of Sabo, ich 
involves the fading of response when an isolated stimulus ts 
ed wile Loring af ober condos content» that 
the dagparisce ef eaten fo the wcoodary wimtis 
Sy ies apr hke chsioreedy paid 
‘re waranecey repeated 
tn that of extsction wih ceers when «ivan ready 
onclaned in zepested thot the ponsry wamoles the 
Sei wthoat tae nds Mey iancer of * boat as 
Abcaned to Chapter VI could have been predicted om 
Pav erate "Tiae intaness ae independently Steve) 
{0 tare the properties of Pevov's exit At an 
al hes a et pret sine of ae 
i appears be he part of cation to sorame haa commes 
tracnlom ovale in nogatvesdapaon "extinction 
UF the condoned expe and the Saappeiasce Of tho 
trig pera tthe condioed rules. 
ar Pool ‘te s mistake fo amuot Chat the the 
phenomena should therefore be identically equated. For this. 
Wold mean, for example. tat tbe yrocem of roglive 
iptan nas by th tack thts aliying acme 
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of "auociation is simutnavesy taking place Io the bei, 
fm astonation WAlch feings 1 aboet that sevens 
‘Grigasting in the ono conptor alti cae to Gicaatge 
‘loog paths leading to 2 thera indirect after, [tie 
Cothtsiable that tock 2 procen of enifcaton sould coeur 
‘eHDoUt at the same tne execang any eect upen the 
Uanebeal changes nated by Ce int cetepte. Tisiponile, 
tor example to bellewe that the corsa) changes fitated 
by the repented ringing of« bell dhoxld be unafectad oy tht 
‘Ret that there aatultnecealy 
ck thatthe bell wil ctimetely 
negative adapeaton la tang place 8 the St use, soe: 
‘thing more we cecacting in the wend. To belive tberwise 
‘ould grcive a bunt sienasm eatindy contradictory to 
Live [tow of the entry churecter of cacbal funtion 
Sinllacty dageneration of zspeose cannot be mediated by 
iene veatal proceues daring extinction ef w comaoned 
Fesponne and aight habiteaton. Ia fact, tom general 
rnelpls fs clear thatthe nearl prozac initiated by the 
Feo etimall of n condtaned west have mtu 
tect oo etch ether Than indeed la grey the concladon 
fa which Berkol! come esa eslt of Sn experiments on the 
anditloned rotor telex in dogs. He found at en a 
scevahs i applet to another receptor Sd uaeltansouly 
‘ith the lect eachation of the hg, there ia relrocal 
Sitce beewenn Ue ances canton caosene\ te 
iment of the reciprocal relation peoceeding pri pate with the 
{feantion of the cdiooed 

"A ately of Pavlow’s reauts leads to the sae coclaion 
(agaylecace 24). Negative adaptation appear to bo spl, 





them: to involve 4 fator additional to the sip, babituatary 
(process, After all, when a conditioned refer is| 

Hot only i the bell, Jet us say, being repeated, but the 
fccustomed food is being withheld. Kltman and Crialer 
(Ge27) indeed, ‘by a mathemati! analysis of the process of 
salivary extisction in dogs, found evxdence that a double 
roca was invoived, thongh their examination did not show 
2S corresponding double process in the (eration of the 
conditioned redex. They add a spacibe warning that the 

net, 1904 F128, 
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data were not soch a to allow mare than « plansitie canfecture 
ince Co be drawn frm tha roms. 

‘Mort iamioatng of all in tht consecten is pechape the 
cseelent monograph of Wendt ox the conditioned nee jek, 
‘Wendt (2950) smplyed the iageins method of making 
‘Minnluron one knee Sate a condoned wees for axeaction 
fon the other. The let and right nga were qcceively 
Sumnlted at an interval of one Bfth of «second. the Tight 
‘Sinmloe being ultzately elt. Ths the experiment 
Dogan with two clearly marked respenses, to the lft and to 
Ae right lege’ ut au Ht progressed ceapanin to Ube lft leg 
<iinbbed while at the eke Hone simaation of the same 
leg comes to excite respomae in (he ote Hare ia case 
of the dnappearance of the erga response tothe secondary 
ttsul, entirely parle o the dlaappearaace ofthe orienta 
ton tespocse. "The perticler inter of he experimeat 
comes, however, trom the fact that nr comparable conations 
the reaction employed, namely the kace rk, docs not change 
fe capitds we ret of led rein Ht, 
the dappearaner of the erigmal Tepponse to the secon 
‘ius Taste dec procemcsincidet to the formation 
othe conditioned reex, not toa Babituatory procs fitiated 
by sheer repetition ofthe secondary stimus fet 

“Tse when the conditioned stimalun ie repeated during the 
formation of a conditioned reapense, there are. probably 
inklted process of two kinds namely, those Chat elt fom 
sheer repetition, cocerpending to what as been called 
Jubitantioo, and thee that ene fers te isaltaaeons action 
df the two staal, “When, agai, tbe same unconditioned 
ftinulor ia repeated alone after the conditioned relex hat 
been formed, that i to exy, during extinction, there most 
corer proceso. corresponding (0. the dtolution of the 
Teeiprotl,consecton arming relations that come into belag 
trhen the conditioned reSex is biog established. So that 
bbceagnin we woald expect to Bad the eects of hee ropetition 
complicates by the tact that cepeton is taking place 
centection with 2 crnditioned exponen. 

‘These rests make it eticdy icapoaible to believe tat 
thern & nothing sce invelved in "extinction " of in tha 

2 tn th cat of eb Mone change in hn expla 
of magn chard ts test onan ens oe ach 
Gh Grteemeanive dope” (ede 87 
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Gmmppearance of wcondary response than the proc wher 
"ame sinaes gutcady iow Mr xening eed whet 
Tepetted in Slaion. Likewise they rederSmposble the 
Eypodhmis that, ia the periatce of the one reponse and 
Abe disappearance of the olser daring the freation of the 
terndilooed sex, we bnes to 40 wilh anthing more than 
ce foe Babitaaiion. However, it would, of couse, be 
‘justifiable to assure, fer conta, thet in the three 
hove considered, we have £0 do with tree fondatsentally 
‘deren mechasizas. Ta viw ot thesis caconered 
between them andthe weighty suthonty of toch independent 
Bewologrs «2 Berto. such an assazption Wwotld, in the 
erent state of mowing, be gratuitous and confusopal 
"Tv selatlon exiting between tbe three Phanomene ust 
comldeed.afocde an excelent Wlestraton of the dargess 
‘lng » premarin of he cre pose 
cf learing. "The process aadetying habitation very proba 
{km part ia the more compat procas of" etinction 
Yet he ater came exon by he ome. ‘Cone 
lav relation to extinction, aituatcn may be 
farang con where the iuce of hs send acl 
{Saero, We cannot tell without introducing new considerations 
what cet the ineldence of  seeced strclus oe change of 
iio flocting anthe:reepec wil have upon a repre 
‘which & disappearing theough Babiuation, SA ew can 
‘We aurume that this effect Is zero. Sech a migake may be 
Ged the " falacy of the Rniting case Tt leads (0 the 
Iislendng, proosre whceby a case 18 examine becatse 
fis timplcity. and the mate complex instance is therespon 
fsvumed imeltaneouly £0 have buon explained. Contrasted 
fran this false Frocedace is the legitimate method of se 
Plieaticn vehich consists in ieeplag constant all but one 
the factors alerting the complex cae, i order to exazina 
the eble of the one slated factor. The latter procedure has 
played end wil play a valuable and nocemay prt ia peycho- 
Joglcl experiment. ‘To the former we ore, a8 we shall later 
se, cathin sedative, somrehat”spectacslr, but THY 





‘been proposed cccording to which drainage of ceural energy 
takes part; but i & bard to see how tis hypothesis could 
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scovent for “extinction. In any cave the root bypothers 
of neural decinage is AiBcu to accept. Whether again the 
newly devloped docrine of the ~ dominant ” cam here be 
fnwoked iti as yet hardly posible to say. On the whole it 
Appears at present to be the part of wader to regard bath 
these poescmona of rerpone degerarction in the conditioned 
refines invading some lator facozn which we exo! a8 
yet cially. 

‘Thao, exactly a fa the maze experiments to be dncuted 
late, an important part o the pebier of thx condition ax 
cmetmne the doappearance of reponse, tit bg perhaps 
‘Sqally important win the more obvious“ asodtve” 
pect 

Geershiaion wad Diflrowiaion—When the conditioned 
telex i fit wlablahed cartain characteratic phenomens, 
teeta to be waiverally sbvrved by thove whe Wook for the, 
‘As izportant poenomena of larslng these will be dinaased 
insome deta.” There frst what is ealled” generalization " 
Noten dows the conditioned stimalis pow et off he primary 
reaction ; i bares this property with a wide range of aed 
HoT cara expiants an ede mee 
{ven thenote A natural on 3 metal iatraceat of the 
pes a the me tne they revived a0 lcs hk ‘hough 
AReright nd, Alter nazber of sch repetions the sound 
of the note alone cus to call oct withicuwal ofthe hand.! 
‘Wom this took place, it was found that any of the twelon 
soles 00 the instrament bad the same result, although they 
Tid neste gven a the same tne nthe chock Ferber, 
alight noises imide cr oxtside the laboratory were found 0 
Devequally eective. ‘Thus & the ely sages te sam of & 
door in another pat of tae bung would sceasonally came 
‘ovement of the hand, especally ia a" nervous ” subject. 
T have often been able to ect the response, for detonate: 
tional purpose: by shoating from behind the operator's soe, 
‘Any toviroomectal change may, in fact, have the amt 
fffoc, and. Paviow reports that the whcle environmental 
tilostion may aoc t iat conditioned propertinn Pray, 
‘who, of court, was the frst to deucibe the pbmomanoo, 
Feperts geoeralzation of mcal tear, tacide stimal, and 
‘hose elerting other roceptars | Wiat are called wae 
(Spur) rane are repr to be particularly subject to 

* mame, ©. 2987 
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ion, which here extends overall the reocgtoe and 
Shighy stable A response with ‘acilestimelus ay con- 
<Goned excita Will be set off, fr example, by a thermal 
Stimulus of o° C. and by a music tae, toth given for the 
‘aot time. Bechterow reports the observation of «similar 
[Phenomenon in his work oo the motor (ig) tafe, Miktalat 
fn the herma-erab and other forms of marine lie, and Beitof 
on pigeons. 

"The converse and corative proces that of differentiation, 
whereby the active range of fowl is arrowed down unt 
Snly the orginal mote, tone cr whatever it may be, calls out 
‘the conditioned reaponun. ‘Tas ultimately in the experiments 
to which reference bas beea mde the wand of A natural 
alone evoled movemest of the hand. At this stage no 
Iaborstary mise, about. o other sticulus bad the alighted 
tttect, Similarly Paviow's dogs might respond to the active 
fone, and be completely indiferent to one which was at 

ih of tone lower ce right eespond 
lly to an object rotating cither bt ome 
fay 19 repend tly when clokisemeton Ray cdo 
rial fo tr gear ad 2 Sec, finally to a circle 
‘Biterenaton Between igh cfvarious coloary is 
feperted by Mikal (30) a0 the bernie, Beta 
(526) who nsed the defence relex in pigeons reports that it 
was difieit to establish, the diference between two stimuli 
sot being appreciated after months of work. Av many as 
five hundred repetitions may be without ecct. He repots, 
however, that ureiex bail up Co noise cannot be ebited with 
light, and vice vera, and was able to note crtain diferences 
Dbecween the "individual" rexponses prodiced by diferent 
organ tones. The feeding cler is easly diferentiated, He 
(cel mec! justified in giving difereniation as a characterate 
ofthe conditioned responae in. the birds ied by Dim. 

In gmeral the proses of difeentiation i often 
and thus very discouraging to those who are attempting wich 
sn experiment for the frst time. Further, at a certain stage 
the inactive timalus may produce a more extensive reponse 
than does te active one. Thos ane of Pavlow's examples 
shows roation in 2 cockese direction as the acive seems 
Deing diferentiated from one taming the oppeaite way. The 
active stimalus originally called forth save corresponding to 

Pav, wap, Seton VE. 
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lvisions oa the apparatus, the inactive seven, 
s0ch divisions, "Dering succeeding experiments the latter 
‘igure increased to ten, twelve, and thirty four such divisions, 
‘when it begun to decline and finally ceached zero, At the 
same time the figure for the active stizulas never exceeded 
‘the original twenty-seven (2027. p. 270). This fcteation is 
very charucteriatic of tue proces of diferentiation and alse 
Of he related processes of extinction and negative adaptation, 
‘Thin may be seen for one instance of negative adaptation bY 
reference to Fig. 3,241. The phenacrenan is held by Pavlov 






ony ett Overt 2 
i, 4 Showing Cat Codon Ree fc eat esc ii 
‘ibceterioaes presser par af Ualay Be pg 27 
Dy siting a tee sock whenve& er mal te 
vem ear the mst bad to tm lo hand a Ge bv of 
TWh ton" No ctor tom ptuce feet Ua De reo tows, 
{i acts ate our ene sve on a narumesc wc way red 
{arte common ee Tow snake shows by as ccc of Gos 
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to be due to a cortzin ounfict between the inhibitory and 
excitatory procomes, stimali near the active ona initiating 
‘both of these processes, and thas having a conflicting effect 
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om the oxginimn. As to the physiclogical mechanism by 
‘which diferentiation is accomplished, there is considerable 
Gebate. Generalization ig probably to be coraldered a4 dvs 
‘po ome form of tradition ar speead of neural activity through 
trructures other than thoer a@ost intimstely connected with 
the stimulus in question. Without sch irradiation, indeed, 
Wig diicult Co see how" sssocation ” could take place, 0 
that Cher ig a certain sense i which gearalization may be 
suid to be a by-prodact of the conditioning proces. 
Foe diterertiatian two kinds of explanation are poesile, 
Here we have a proceas whereby carain cutlets fom 
" geneory "to 4” motor” area ace tendered impassable wile 
‘others aze uratfeted or powsbly made more passable by the 
‘aume roots, The reachanie whereby one. set of outlets 
4 barred off tay be passive. the one set of connections being 
arengthened at the expense of the otber, something 43 ane 
ath deo «edt may Beene more pronounced wie others 
‘out by lack of use; or the mechanism may be active, ui 
‘when all paths actos a fild ae defsitely and actively blocked 
save one. ‘The second kind of explanation is given by Paviow, 
‘who believes that the proces of diflerectistion is accomplished 
Iyer roms ta etal put ad ere ther 
eves that repetition of amy ttirmalis causes a 
redualy’ progeive inborn,” Ther’ be thinks ofthe 
‘repetition of the whole procen of establishmmt of the 
‘conditioned raiex as causing inhibition of greater and greater 
intesalty, until ie Goally renders ixpaseable all save the moot 
direct path; indeed, he claima thet repetition wil ulieately 
bar this peih as wel, so that the conditioned reflex becomes 
totally inoperative (2939, p. 236). This conception is criticised 
bby Benito, who points cut that Paviov's theory involves 
‘the special assumption thet the centre of excitation causes 
4 mate of Inhibition to arise round iteell, an assumption 
MEA, he sae, it not tut of aay ther frm of excitation, 
urther, he questions whether the iabilétion could last as 
forgo whether cold spre te eviy ag Pavlos theory 
requires. Te place of active ihibitian os a physiological cause 
of diferentintion he substituted a general lomering of exci 
Dllty, patticalarty round the points excited by tbe active 
‘imulus, According to his theory difccentistion a celaivaly 
passive process. It must be confessed that seithor of the 
explanations give a clear pictore of fhe mechanion of 




















be allowed to have considerable weight. It ix posible that 2 
mote adequate cerebral neurdlogy will succeed in combining 
the two principles 
‘Whatever its mechaninm, the proces af diferentiation, like 
that of extinction, shows the tendency of the orgunisin (0 
revert to a" nucmal”” state. Ih the case of extinction and 
Iegative adaptation we have the gradual assumption of a 
state of indifference to ap exctant, intemal organic changes 
emulting in» conservative equllitriam towards «series of 
‘timull” The progress of dillcentiation seems to exdibit a 
confet between the tendancy to achieve such a constant state 
fof indiference and the tendency towards excitation, A® we 
have seen, the total series of double stimuli, comprisig, for 
‘example, food and sound, has been so timed that reaction 
consistently takes place te the food. After diferentiation $8 
fresh stiull do indeed cause the salivary 
reaction, bat their number has been redoced To most of 
the stimuli originally cansing the salivary reaction the 
‘xganism bas achieved wach a state of indifierevee ; it may be 
ald that indiflerence bas been reached ag far a8 is posible 
‘under the given conditions. Under the infloence of the two 
tendeucies, that toward excitation and that towards « state 
of indifference, the organism comes during the process of 
difierentiation to a fresh equllitcign er constant state, Hach 
[process spreads until it can extend no farther owing to the 
{eatrictions imposed by the other. ‘The position of belance 
Dateen the two tendencies thus, ike other ls, expressible 
{8 maximal of mininal terms, There (sa maximsom posible 
spread of the checking process. whatever it is, consistent with 
the periodic state of excitation initiated by” the condiuoned 
fr secondary stimulus. A minimal cumber of exciting tinull 
are left. In fact, another and perfectly legitimate way of 
‘expresting the facie of the peocens of diferentiatian woold be 
to say that the organism bas ao changed as the resalt of the 
serial Incidence of the two simultaneous aimell that there 
cocurs the minlmara possible salvation under the new 
acamatances, Such 2 Ratement would perhaps accord with 
‘Wheeler's priciple of least action (Whode, 2929) and i 
‘canaistent ‘with what we find in the moce complex mast 
situation. 
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aoa ‘THR NATURE OP LEARNING 
Thin stateraent be claims to be true for both doge and 


‘Sime Relations of the Condiioad Refes-—ta bis tay 
lecrores Paviov stated quite categorically that the uncos- 
ditioed stimulus cannot ‘allow the conditionsd one in tame 
‘The ordinary method is, for example, for the light to be given, 
and Inter. beioce {tis extinguished, the food, Tins there 
1s no strict simaltansity bot rather ea overlapping of the (wo 
stémalj, From thls arrangement of Pavlov developed his 
‘conception of the signal reflex, which regarded the secondary 
‘timclus as the “signal” that the primary athelss was 
boat 10 foow, the whole proves beg temeed "agraia- 

"s" Later experimenters have succended in obtaining 
teres cndtbecl redccen, whee the conined still 
folloms the unconditioned one. Soccesful experiments of 
this Kod are reported to have been made upon dogs in 
Pavlov’s? laboraicry, by Beritod!* en pigeons and by Switear 
‘om the lid reflex ¢ and the knee-erk, though thit investigator 
failed to obtain « reversed peycho-pilvanic refer. Bechterew 
siqllarly claims to have established reversed” conditioned 
‘elexea, prenumebly of the motor type asd with the human 
being an subject The fact that such reactions may be 
‘focmad seers therefore to be suficeatly etablibed, although 
ite is known of thei properties 

Raschon Time and Exten—The ceaction time of the con- 
‘itloned response presents a somewhat dificult problem. AB 
under ordinary circumstances the conditioned  stimalss 
‘recedes the unconditioned, it appears tobe almost inevitable 
{bat reaction tine forthe conditioned sboald be longer thas. 
that for the unconditioned telex. Pavlov clay that tho 
latent period of the conditioned response is of the sae ardor 
as reflex time, and in this be agrees with Cason who worked, 
fn the eyelid reaction. The majority of the experiment, 
however, agree in placing the lateacy of moter conditioned 
‘lexes within the range for the so-called voluntary reaction, 
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‘which ix longer than that for the “ unconditioned" refx 
ropa. Frenied oppotion to the tera rolex doet not, 
Dowever, seem to be fasiied on this acount pertiuary 
‘whan Prviov’ ginal statement are borne ia mind Many 
‘Trte, Lowever, prefect we the term condoned cesponse, 
ind the wange fe unobjectiaoabe as long a8 free trom any 
{implication that the tection ts any lem cigily determined 
404 thue lets amenable to acentige aalyea thas the wimpet 
Aype of restion. It, of course, admitted oo al ands that 
UEP nervous connections involved in the conditioned reaction 
are of much gretce complesty, which would make It renan- 
‘ble to expect longer latent porad, bat does sot, af the 
Shuma time neceitate qualitative diference, 

‘The question may be raised ofthe exten of the conditioned, 
relativeto that ofthe unexedilioned,rebex. Cartan eifcltien 
ean to be evolved, It & well Koown that the extent of 
the mevnitioned rex depcods on u somber of arabes, 
‘among which the intensity of tbe missles. The eandiioned 
een, of coune, secrsstates the we of two still the 
tensity of each of wich may vary, aod Ie ix known that 
4 more intee covitiooed stzmalss may rent in a moe 
fxtentive conditioned rapense* To the question, therefore, 
‘whether the conditioned repocse always cual in extent 
{ the unconditioned reponse. the anewer mast be no. The 
amapltude varies dk formation, and, after formation, with 
{ia itensiey “of aimtsnThes, for example, Hard 
‘ooditioned ld response is of mad smaller arte than 
{he coresponding uconditened reponse, a may be sen 
by relorence to the pate on p. 235. The conditions under 
‘which the two rexpinses tay tof the faze magnitode 
Femain to be ansered by expericoet, 

Tobin andthe Contionad Response —in previ 
iscassions both of habitation and. of various aspects of 
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a 
tun conditioned responae considerable use has been made 

‘term fahibition. By this term has been understood 
4 physiological procest actively checking respouse. No 
{application is intended es to the mature of the process, nor 





Teapontitiity, itnot to etuckate the vitiate physic of the 
[Phenomenon atleast to ve thatthe paychologcal use of the 
{erm ts 20% snconsitect with thal of Spvetgaters whowe 
faterests le along diferent Hen This le exactly where 
Paviov's celts are so parading. in fact they are in certain 
respects directly contradictory tothe Adings of ober workers. 
Pavlov elds that inion Sarg’ the frmation of 
eonditaged retponses presets macy peallca to excitation, 
His results seem to show that sticasbu orginally inactive 
saris enh ees maybe cond tf 
‘cused to acquire inhibitory propertics, 
ton wil pea, andthe cones ite eet 
emir ibeextatery proves (eda) it 
say be removed by other stonuh, giving dsb, 
riginally called iabiition of inhibition. -A\ conditioned 
Inblbitor, once extablshed, wl check reactions cther than the 
cove with which ft was orginally anocianed. As the inhibitory 
‘Process progreaes, shep snd even a hypnotic state gradually 
evelops Aa important. dSorence betwen the SShIbIGEY 
fd the excitatory proces it fo be ween fn the fact thatthe 
former is more mobi then the latter, in that it 18 removed 
ot reverted by eas powerful small.” This is no place for 
fa description of thew Dighly important rents, nor foe 
ther neurologia etiam. For auch 2 depen the reader 
Isrefered to Pevlo's own account, nd Sor a thorn 08 
ceteisn to Bectote papers (t924. 1925, 1927). It may, 
Dowever, be said thet pecular éiSculis attend the idea of 
the spread of inkbition and of its transferability. That the 
abltory process iy tatimately connected with that of 
cotati ig undoubted; for an understanding of the exact 
‘ure ofthis conzection we mast wat et east wl the pals 
7 Sato. Baa, 
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of exeltation a itaelf resolved. Pavlov's ndings are apparmtiy 
‘undisputed, thoagh in cectain responsible quarters doubt bag 


‘etal one of these phenomena, namely, the forcation of 
‘conaltined inhibition. The example is talan from Puviav's 
‘Work entitled Condiioned Refexes. A metronome bas, by 
usoetlon with food, sequlted Ue property of exciting the 
Salivary gland, producing’ a secretion of 8 to 9 drope. An 
‘automobile Rooter is now sounded for tea seconds, being 
allowed by a pause also of tea seconds, after which the 
raetronome stimalas is given without being 
‘AC the frst combination salivary vecetion is 
‘ual by the metronome. The second wich combination 
reduces the condoned maporae to ax divides on the 
tas, though, seven minutes before, reapone 
wales visi 


‘Twenty-four days later the metronome, when preceded by 
the hooter, prodaces a response of coe division only. The 
metronome when given by itself was always 

Dy food; when precated by the booter it was never 40 
"'relatorced" (pp. 69, 70}. Thos, in Faviov’s language, #t 
served as a “signal ” for no food. The process in entirely 
analogous with “ dilrentiation ", of which indood it is a 
‘apecial case. ‘The “hooter and ‘metroacmae” combination 
‘has really become a new geizulas, and has bean differentiated 
font ; just ax Pavlov describes the diferentintion of musical 
‘notes 1, 2, 3, 4 from other permutations such a8 4, 3, 2.3, 
‘as being due to tha fact that dierent modifentions behave 
‘at different. sticuli. The formation of the.” conditioned 
inhibition” asutt be considared to be accompanied by the 
development of a new neural pattern, involving cartical 
regions oc foc! coresponding to the two stim in goestias. 
The response is determine’ by the total unitary character 
‘of the neural patter, which latter not activated by Healy 
summated “stimu, There is formed “a very complicated 
‘exctatory unit " (Pavlow}—which i ot the Hsear am of 
‘he two stinall These seuite are strongly confirmatory 
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the Gestalt interpretation of neural activity and of 
work 2s Lashley’ oa the fanctions of the omebram, 
tion has already bees sade of the fact that such 
ive conditions & : 


jdt 
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ite. 
Love of the Condition Rex —The hal of Pave as 
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ous oot of cone, tlw hatin other errs em 
ariipton a the cet cactes wt eceary. In pat 
Rcoertt follow tat exganions lacing sch «strata ate 
Ineapeie of fring colton’ septic; tie i shown, 
for sxample, by Mithsins expences onthe herald 
25iLon solar egutions aking che soctare Even when 
tach smote prt ou chow rt ts prt 
oo calf toe foreation of conned Papo. 
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cf these expanses in the heman being ordinarily lim in the 
‘cereal cortex. 

‘Wearclogy of Conditioned Refs Formation —Toorongh 05g 
‘seanion of the neurological procetesiavelved i the process 
of" conditioning” would be ost of place in a work of this 
Sharacter, even if Ht were pouble im the present sate of 
Knowledge. Soch dacussion belongs to the specialized sphere 
of neurlogy, which i specicaly iterated in the mechanisas 
tmadelying the phenemene stacked by peychokey. In order, 
bowever, to give the picture a certain completeness there will 
be given a statement of the newologcal’ hypotheses wtih 
‘have been advanced to explain the olservainal data, Te 
wil be realized that we have here to do with typatbeas only, 
{or oo theory of nervous ection in Jersing ca be sid a yut 
‘to have acquired more than plawibilty. 

‘Pavlor woes the general metaphor of attraction to explain 
what happens neurologically when the conditioned reflex is 
Tormed, the cells which are excited by the usconditioand 
npn noun oy tw weal Lae gps (nd 

a ew at ee ten 
fellow the sme path and thes to form w conditioned response. 
‘Thin explanation of phenorieoa that have been acelaied na 
providing an experimental bass forthe doctrine of asocation 
Df ieas bears scking pasa o a cascal pamage a Hee, 
"Here ie w kind of Attraction,” Home says, “which ia the 
imental field will be found to Bave as extraordinary eects ux 
a the natural.” * The metaphor is interesting, but ft {6 a 
metaphor only. Bechtecew, whose authority an neurologist 
‘i unquetioned, although one fees at ties that be i same 
what prolx i hypothess* speaks the sane terms, wddling 
that chete occurs in the exaked regions an outpat of energy 
"whereby tere arises a certain disturbance of the potential 
‘between the «nexcted or Tes excited and ee mare bntensly 
taclted regions, with the coal that the excitations Bow (© 
‘he later fram the regions fancicoaly elated to the. 
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the end-state is constant bet the preceding terme of the 


dogintialy that symapte resistance ls oot lowered by the 
passage of impulses. AU that cam be sald at present Is that 
here iz at present no direct experimental evigence for wich 
laveared resistance, and that there are experimental retalts 
whieh Ie cannot explain, In particular, decreed syeaptic 
Tesiatance may possibly play some part in the formation of 
conditioned re8eaes. In Wiew of the facts of habituation, 
‘attinction and dissppearance of secondary response, ie Is 
Gifecat to believe that this proces alone is ialved even in 
this relatively simple form of learning, 

‘Soraewbat similar to the ypothesis of lowered. synaptic 
resistance, bot with more direct experimental evidence to 
sport iat a of Kappes nd Be acorog to which 

tions of electrical potential st the eynapas may deter: 
tine roth of te Gerdes of ne pre cal towards he 
‘anone of the other, and correspondingly that of the axcne 
towards the dendites..“ Amorsation "is said to be doe to 
‘the fact that the (wo nerve cells are phypically more clouly 
‘associated after simultaneous excitation. The theory bas the 
‘of Profemar Holt.* It seems, however, to be open 

‘to the general objections to a ayzagtle theory of learning 
and specifically to tbe objections urged against the lowered 
‘resistance hypothesis, of which indeed it is 2 speciic form, 
Further, Lashley Bas pointed out that it seoma inadequate 
to acontnt for the apicity with which many associations are 
formed. “Here, again, one should avoid the path of dogmatisa. 
‘While ft i Sraprobable that a topographically closer association 
of axone and dendrite in the symapeis can account for al 
eaves of learning, and speciécally ofthe conditioned response, 
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seems equally improbable, in view of experimental reste, 
‘hat such a proces entirely abment a east fn Deeply grounded 
fasodations. Nearobiotaxis is probahiy presext in learning. 
‘bukit does not seem to be eaough to explain learning. 

“The fact & that neurology not st present B02 position 
to give muck belp fo the poychologist in his stdy of the 
complete of organic condoct.« “The theories to which 
alunion bas bee Sy been made areal based on the estomption 
that when the arasiam pertrms a earned action ea rusoeaier 





‘That fa to say, the csmarnpion is made tbat the fcction 
‘ ipelic near deeat la geneal Sed, Uke the Cleon 
‘wre to whch the bain i 0 often compared, Modieaion 
‘ot emponae ost Shen be ected by odiicaton is the Gxed 
eure path." This ausmsption Is hepinning tobe quetioned. 
Teste tbe product of comin sense ss app to agitate 
and’ Binetonth-centary chmervation | tad commen stot, 
Ile comfortig, often tars out to be wrang. In ew of 
Fe cag ofthe Gott eet ad of ees of 

{esertion tf posibie that the o 
{aed natal fatenys wil have to te eeplacd By 8 pictare 
of the brain a2 2 urecte over which there py various 
pattems of excitation and. pambly of Sabin," The 
in cell ray ht twice be ced pos to perform the sme 
function. Thay may bo ta feed mnatonscl relation tothe 
retin, bat the factional axgnization plays aver then iat 
1 the pattern of lettre playa over the batik cf lagu i a 
Tiecttingn'™ To pervert Father Koons Limerc, accerdg 
to tis conception the nervous tspalye is" fact er a eam 
fata bus": With sock pctre ertain of Pavior'sraulin 
ate In accord’ Foe example, be slates that if 3 candtioned 
‘eer to a corapound stimula is elabisbed. ica be maine 
fained at fal strength, and at the same fe ss individal 
Caepomeats may Se convered into negative or IShbtory 
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stimull* Conversely, the compound stimalus may be glvea 
‘negative oF inhibitory properties, while the components keep 
ft positive effect. Here exectly the ame stimalus applied 
‘to & sense organ Ferlts at one time in reaction and at another 
{ime is na rection, sorording to the setting tx which it ocoura, 
Its dificult, though perhaps posible, to reconcile this rent 
‘with the doctrine of the fixed path of nervous impulte from. 
Teoeptor to efector. Similar results were obtained when the 
interval between the stimali was temporal, Tae saz wile 
might be repeated In various ‘complcated tyes: ot 
‘vecemive combinations might be usd of stmal affecting 
the sme receptor, such combinations comssting, for example, 
of the notes € DE F of a sale, or af a noise, (wo tones and 
4 bel; oc succenive ccanpound. simelations might be 
employed wflecting diferent receptors. In every case & 
varlation of the thythan or order of presentation could be 
differentiated from the origial, causing Pavov to maintain 
that such a different permutation acted usa diferent stimmulas ; 
‘whieo this diflereatlation was corted the separate notes were 
found to be without effec. So that bere again we have a. 
‘sambination of still which elicits « definite response while 
ty components are enticely withoot effect. In the same way 
ol <n and oak en at oman 

strong ane conld be extinguished, leaving the combination 
alll active, thus forming the antithesis of what was called 
"conditioned lnhibtion“, whece one stimulus alone was 
fective, bat was inactive when presented with ancther. In 
‘another context Pavlov found that the same point of the 
‘cortex may attume either etctatory of inbibitory functions 
‘on different occasions, although this rule ss apparently not 
‘unversal*| Comparable cevults were reached by the present 
‘writer, who found that a ubject who had Deen trxined to 
espana toa certain nate would not do so when this active note 
formed part of an axpeggio® These results seera to bo mote 
imply explained on some such theory as that of Lashley, 
‘who conceives action to be doe fo a tual patter, which need, 
‘ot necessarily involve the samp snatomica wlements at all 
‘mes, thongh under siilar conditions there ie vo reason why 
St should aot do so. According as one Or the other patter 
{g initated individual cells will assume diferent fonctions, 
"The eame cals may not be twice called oo to perform the 

Spee Pender tsar pecan at Ug ae, 
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ame function "at ont time they may be part of a eur! 
sytem leading to excitation of «gives efector, at another 
1B part of one indifferent to it, In the same way it wil be 





mmo, hve os very ease 
The thc wae mena fastener nc erp 
Synamle wsten, and perpetually achieves «unseat of 
Whe iividual activition Every ew’ Heabsed unence 
plrying spon it iafarneea to\a reste or lee extent the 
nthe ayatem.”Paviov had in mind the sasumption of 
ad Still we hee we tte 
fy wal Lashloy’s description. 
PPT he pear plc catopeding Ue cndonet 
rerpore most not be thought of ta the um of two petoran 
orexponing 7 to the coditioned and the en, 
AtMoned stimula i perbape abvous from the fact tht at 
Joust some Kind of connection mest bave beaa labia) 
Detween two foc. The seals of oeest exporimects sean, 
owever, to force us to the farther cooctoson that when & 
conditioned refer is formed we bave 8 pearl xrsctora that 
JB"entirdly ew, ose which inclodes constitaetclemeatt 
corresponding tothe two stima, but is a modibed form. 
‘We may feu Temind cursive of Berets statement: 
“Th exitenen in Uh covtex of fork of raed exctaliy, ad 
reciprocity between them owing to stinuli acting. simel- 
faneosaly on them, determines tbe formation of temporary 
foanections (1924, >. t44) Such reciprocal intarnction 
theane fist of a thatthe secondary, to Bert's experiments 
the antery stimulus west eect the neural pattern butinted 
by the primary stznlan, the chock. Ths B Ubmtrated by 


imnhse which evokes alight exon is aylied to the limb 

‘ition rang for 8 few neon, 

Teqaenuly happens that a steager Selon. of the limb la 

obtained. .. = When the bell stops the dexion cease, sod 

restart wines the bell & agein rang” (p- 149). Auditory 

‘aslatin, euperveciag ox the motonearal patton, changes 
Parker ope 
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‘this pattern, #0 that overt ection follow In the eame way 
very weal electrical simabos coming before the auditory 

inal fsvows the coodtsoned rnchon, sad i show 
‘hat this matt be due to the action of the electric stimmiss ox 
‘the immediate neural eect of the wuditory tmulos, Thus 
‘whim the coaditioned reflex i established the neural effect 
(Of the Dell has been modiied, the nearal effect of the shook 
Ibes been modified, and a new comection has been formed, 
To other wards, un extirdy oew pattem ‘as come isto 





‘Perhaps the clearest istration of the newmeas of the 
conditioned relex aearal pattern is to be found in the recent 





fable to obtain a conditioned motor reflex which aj 





‘aguin Povloy's reelts ate cantirmatery, A cartel glason at 
‘ny of his pablished resolts wil show that canditioned saliva- 
ion precedes the eaponse to fond, adnan of which 





itioned response ts net necessarily equal in extent to the 
‘unconditioned. In Pavlow's results tis apparently very much 
ssnaller (1926, Lectare 3.1927, p. Sx,52}- Hilgard‘s conditioned 
feelid response was on the average scaler and examination 
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cof Switeer’s results * shown the same thing. Schlosherg's 
‘racing tmiarty shows a mach amaller amplitude for ane 
conditioned repose. The evidence then appears certain 
‘that the conditioned response is not a process of tucking oa 
ocne mizouas ofthe response erginaly twlanging to another | 
‘by stutultaneons excitation a new pattern has been formed, 
‘which activates the primary efector and which car be 
‘etivated by the secondary ceceptor. This is not to say that 
‘conditioned responce may not be as extensive as unounditioned; 
eather stresce the fatt that it need not necenaily be 20, 
#0 that the "sobmeizution " Uoeary tr carly Inadequate, In 
rextinetion "the fresh pattern is temporarily overlaid ot 
tntigued” * Tt may be feactivated ether by lapue of time, 
‘how sc reactivation i, scoring to Berta, oly pasta, 
‘or by a fresh donble excitation, when reactivation is camplet 
{te formation appears, if Becitollit correct, to involve a 
sentory as well aba moter reoganization, x result which would 
weer to be consistent with subjective experience, One 
secs” word diferently when one tows its 
‘meaning ; and it is equally nateral to suppove that the dog. 
"gees" the light diferently when it has become the signal 
for food. As mediating so-called anticipatory response the 
‘mw patter ie, of course, "economical", as Pavlov and 
Gothers (Hull, 1929) Nave pointed out. When formed it is 
fat of the neural countar-correlate of a mew conservative 
fequiibriem which the organism has attained to the double 
‘excitation, Tt is a pattern of processes, and ie thos foure 
Gmensional, occurring as a seqorce of neural events ited 


{in space-time 

Condioned Response Formation in Relation 10 the Living 
‘System. —We are now in 2 position to describe and summarise 
in terms of systemic action what happens when an organism 
quires a conditioned response. Let ms suppose that the 
‘organisa in question is in stvation wach an that of Pavlov'e 

1 oe Renal 40a. pp. 296.247. whe conden that extieton, 
‘vagus Shon othr by oped tx reo mpenen. fo ndweed By a, 
eaten of te mochznam of tempery smectic} De eae a4 
‘Se mem “nig. 

1 Ber Inet, whe doen eat ties tht gather efmalet 
realy remit Tor" tenporey cocmectioe" bit rather ot ft 
(Beretos exiabuty” Thr won! of Pav chy tt on A the 
‘hae tne iebhitens oweaying the tmprny commen ancl 
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special ubocatery, whece exeral condos are kept rigidly 
Gustant, sive, for example, ing 0 cotta that 
‘ony not oar orang ao hos “Apart rom Deroy, 
{TOL deacles the ethan ofthc oven, tame ae 
{tats of condicunet reer formation. "An organs ejnen, 
ce‘ehich exhibit fo «high degree tbe rope of carving 
itz general form and function, & beng tjected at swcrsine 
intervals 0 u double change of exer! condionn Lat 
onaler tint the now alimentary factor ofthis doable change, 
“Tin wach that iC repeatedly oocared by Ral the ya 
‘youl, by mean of appropriate bteral Proce, auune 
Tomiarl cooervaliog ats of sro seston, tpt of te 
fcernve changes ocxerealcooicon, To rom Pav 
term, wich hs Den adopted toentere in this ook, x srer 
‘cl endtorystinaatioen, such ax fose prod by nicosaive 
‘Fingings of a bell is a “ different stimulus" from a single 
Hing tation o tiniest nt ch & rn, 
a ditt oven 
orig se cneng._ Toe oe esse Chang, 
[ea ramen ofa 4 he ie tenpraliera 
by constant xguie wate, namely the 

yt pation ttl ate sl 
"What i the rent In tbe rganam ben the two seis of 
ctrl dunges cla and od and el ae teary 
Ad scrlly peoested From couthew experinents I t 
leno that soch double preestation of se a fllomed 
tyra onaant pane etn «tate of reactive olla. 
‘The oretation repo dappests and 3 canola secretion 
of salva occurs x the appropriate intervals A new erganic 
Giulio has bees sched Th coast "ue oF 
‘olla may to on tobe ecole even wen AR 
Suverly cemndeed, Te tends towarde tt conrvation of 
the egandon by Tadacag action £0 the misinan coset 
sin hat Kohler might fall the tography ofthe tation. 
Provided, uae fo ty, hat the neceuay fond fo be 
taken and digesad acto hs teen "edaoed So's elu, 
by the eimination ‘of the aentoa atin an the Flan 
tn of the indipenabie salvation. So the_Prviovis 
txpsimeat beog conadered adtenss economy of acton fe 
‘rufcaly fected by the complete eliination of ocometion, 
nyo i ope of ppt ec 

er 
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thangh nt of motor repo; wilh sentra thin 
‘Settpec! cn Tw scsi asthe, by terol Caogen, 
Imade an crosalal adjustment tthe Total Stanton 
‘hich i Sods tae, sch total Sinn bg made Up ot 
1 eros of scone pretation of fod dal, "The 
Proctn of diferestatiot erpltes the ecosonal adjasiment 

Th nom, we camer what bee happening tothe 
cic ervone opm, as been sorta Cs aut 
as been ehected by fhe gece ot fess stra pater, 
‘Where there were, two sotively fatependet,ptirns Tt 
ine, te proces of edjutnen as bess accompanies and 
Dahape accomplabed by 4 ral syoteaa of uch pattern 
eter the Go ama were reatvly apa two pate 
crterl vents ech calling ext spp 
th of nerves Lop, Ae these of ake celtons 
PiStheny eamog Expeteatl as se pe 
ser to indicate tat the new pattern ody Ze 
ath soul fort actiation, and that, farther he ne 
idoned mules aloe cam ase activate My bat fenaly 
‘only in part. ‘The latter result is pechaps not unreasonable, 
Anew ofthe fet that ender these eretnstance pat aly 
at the determing condita ae. preset. When ¥och 
Sitivation by the codiioad mats lee cca, we have 
the urssppored candowel sect, wich hs bed tetto 
differ im general from the fully supported response. Such 
So tnuuppartat condoned velox Barisal, it 20 (0 
‘peak, by prooct of tbe ecaait synthase actly, 
Ad soon dlaypers by extinction repeated. 

“Tun new puto Toast be Tguded a9 8 Sth organic 
ceaton,exptsive ofthe orpuna's progress ect offal 
Sotetion When formed fanctins an « ualtacy four 
flonestneal wgcance of process exciatery of the efecar 
‘mectanim, “Tes devlpmect te progres mth ception 
this may be acco by toe geadal ince i eto of 
stration coprtad by that wn have sad is reponse and 
By tin ised Seguency of tention el bare genealy 
lacrved stn expeimest popes. Ths adual develop 

1 bea Par, an, 72 tr very ee Maths On 3248 3 
sein en tice inn neti whet coe ty 
Seer oe pene a 

Sin a Gee 





THE PROBLEM OF ASSOCIATION a 


mant may be othersise expeesied by saying thet the new 
eqedibrium to the two smzultanecar stimub dom oot take 





food and bel asappanr, for it wan correlated with the 
of equilbention to the combined stimal. A new equilibrium 
1s again establisbed, namely, tbat to bell aon, and beings 
ita own neural pattern. This & accompanied by & 

tion of the salivary response and iti sad that the 
Law of Bxercise is violated.© ‘Tals i true; that the Law of 


4 description not am explazatice, We do not know the 
mechazism by which squitbinm is attained in the two cates. 
‘Nelther, however, do we know the atchanism by which be 
“fornation af bonds " is expedited by repetition* The fact 
seams to be that the Law of Bxercise suits nly ball* the oases: 
both the phenomena which obey and these which contradict 
it are apparently better described ic terms of cryanic 
oguillbium. 
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‘to a aries of double stimelations, mach total Response Being 
corftituted of a series of lester parti) responses. At any 
Diage reaction to the ” conditioned ” 'stiwules in thus part 
of the total Response to a total repetitive food-bel Situation 
stretching into the past, and & consequently modifi: jot 
ts respouse to 2 sngie letter-sga ia modified by inctason in 
flanger unit sock a8 a werd, or for that matter any fresh 
contest, Such modification, due to incusien of a stimulus 
1s fourdimersional stimuloscomplex, is the formation 
of the conditioned redex. 


2 Therm ent be dctingnied (a) Cette mse of ey ty fond. 
epetiions with the total corresponding respnee (0 espouse {0 tay 
(dag vng a the bell: (6 venpusa to tay ungle premataton of fod 
Bertolt thecry demas that i) Ue (i died by locos in 
‘te urger compha Cl abo Wand, op. af, who found svch modieaden 
{aha (eccondtGoned) hae ert. Theisen borweun evened 
fate, a slated by the conditioned stumutn ( ioiioe, athe 
‘actin wot een ah ann" lereae "fy 


CHAPTER IX 


‘THE PLACE OF THE CONDITIONED REFLEX 
IN THE THEORY OF LEARNING 


"Raza ar the elomanta ais the mechan of perpesath 

‘cyoubrsen Gaver! 
‘Jost as the “ association of ideas” hcl seemed in the days 
‘Bt a purely intronpectve and restive mental scinoe to be 
‘© key-conception ia the explanation of tbe ealnd, #0 UD the 
days when poychology was beginning to be the utody of 
conduct the canitioned reex appeared to offer a vl experi 
‘mental basis for the study of action. We have seen how 
Pavlov came to the idea of atuiying the so-called peychic 
section of talva by the toe of chjective methods and 
asuumptiont steictly parallel to those of the other natural 
acencen, "Such w program: was clearly vary attractive to 
the saclier members cf the Bebaviourst sero! whove enden- 
ours ad been exactly to make this psychological transition 
to objective methods. The conditioned retier was thas 
eagerly accepted and made into an important plank of the 
new movesent. 

‘The situation as it the cacky bebaviouriats was 
Something as telows : Human and asimal actions might be 
Alvided in Paviov's terminology isto coodiooed and uncon 
ditioned responses. ‘The latier might be set off by the 
Yologealy adequate simoise alone, the former by. any 


wlov and the other workers hed mintely controlled the 
stim, which were suck as a carefully standardised pure 
tone of colour stimalus. After the caoditioning process such 
1 pore tone might be considered to have anquired 4 new 
esponse, namely, that originally st of by the biologically 
‘adeqonte stimalss. Now all paychologicd acquistion might 
thus be explained ; for the physical sciences had devibed 
‘iethods by whick ax organism's exvironment might be 
= 








a ‘THE NATURE OF LEARNING 


casctly snalyued and experimectaly reprosnead when aoa 
Sy. "In the ryehslogcal laboratory ben we ace ding 
ib relatively sanple Tactos aad we attempting (0 
TEolate threes = wespeak of small. - A station 
45, of course, upon final anayal, analyable into a cxmplex 
spoup of sill Still moet be added to or subs 
Gucted trom » « "i "Tn this sdestieally snalyable world 
the ology adoqeata sill were accordingly those which 
fet off ther Mepoase incanditonlly; when. other small 
tere found to cate response, investigntion would chow that 
they had acquired such reaction by the emdltioned response 
Iechaniam, thes conaidering the envvoronect a phyacally 
‘nlyaae” abd scienticaDy eproduche inthe fom of 
<onditioed of wseonditionnd sina it seemed that snotber 
Sap had been taken towards the etablahasent ofa 
‘whlch abould be comparable ix method and ry 
Pifeny te pocilogial tra cook appeety te 
3 terms cook 
sn ‘by saan of the ew concept Th "Habit Se 
1 sein of Cditicned eeflexen The conditioned reflcues re 
‘he nits toto which ell habits may be realved."* In che 
aan ‘ny fer Pave the conde the al 
fells. Under natural conditions the eizaal oat respond 
‘ot onty to drectiy harms or beneBial smal, but to cthar 
or ebenical eaves of sd ight, and the 
wish i tacts cy tg! the approach ofthese 
stim, Suct. phecomean as reaction to a drawing with its 
fren of light and shade which come to have «vital signin, 
Ie desribon as doe tn the formation of conditional relent 
‘which are continually reinforce? by tactile and mosclar 
mull” For hime alo " Habits based on training, edweaton 
lind Gisipine of any sot are nothing bat a Moog chain of 
‘conditioned sefena.” «Speech ia to be ceteted to the same 
iomctoniam. He adds, however, cautions against too rally 
‘toplying the cepts of wimal experient tothe” ocaialably 
‘omplen symptons observed in man". 
"The coucapics has dio bees sed to explain thow iepslat 


3 Wenoe, 904, P20, 
> wanes, quoted by Bahan, csug,p. 370. Ch Wann, 2008, 
33. 




















$2. b Spgs and OKI, pate, 





‘THE COMDITIONED REFLEX a 


gre of paychologiel state and angaition known es abacrmal 
‘ha, Pero, thwgh wh reeas, dant by ald 
ot Tunas. hypnosis” Saggestion ie a 
Spe ties of condoned rapeose Pater, tbe abnormal 
tcaulitions of hysteria re reered to the ane mechatism, 
‘Tun Kostyleft states that "ithe majority of anne, and 
cepmcally those which are most susceptible Of cite iyserie 
reduce the eablsiment of ainormat vefeces“ Simary, 
Watson, ina series of chusical expeiments, applied the 
‘pudltioned telex tubele to the crotonal centions of 
"in the preset opinion ofthe writer. who at one time dared 
the entbusiane forthe conditioned sex as a means of giving 
tn obective description for fate hitherto only subjectively 
Seacrbable sack we of Paviov's seciaolsm severthals 
‘given a fale picture ofthe complexities of human and anal 
Sondset. It depends on two amamptons. Fist tht the 
{eetniqee of physical science may be employed to waibit 
‘urain anifcr relatoas betmees organic action and certain 
{atures of the envionment that are speciic inthe physical 
‘ease These specie feares are the stil und the resulting 
organic actions the “reexes”. ‘The weend asemption, 
{intimately related to the Ket. that the environment ot the 
organi a any orent ay be consterd to be composed 
ot uch determinate atl in semsiaton, together with 
tach equally determinate tonal, as bare by astciation with 
tie fev class negeired ther properti. ‘The ater assumption 
implies that wen sto, conditioned er unconditioned, beve 
Youn defined, they may be treatod—added to, subtinced 
{fom, recombined and so on—in the manner of pary pysial 
dea and witout taking the orgasim farther Into ascount. 
‘These susumptions do not appear to be jumiged. On the 
contrary wl appear that am envscrmental featare that is 
specie fom the point of view of physical edesce seod not 
Stceataly besoin elation fo the ergeninm: that i to $99, 
need not by aay means invariably call erth the sume 
response ander diferent ckeamstancen Coneqoect « total 
ep ae 
2 Koala vane B28 
4 Wate, J Brad Rayos sete; See, o50t: cH, Joo 
con 
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sittin camot be considered to be built up of specécatinel, 
tach of which may be coosidered independently of the others 
{5 its actin on the oganiam, In fact, peycbological eaalyeis 
tnd description of a steation is uct oecesarly bent effected 
by wach description and enumeration of elements es would 

‘it the parposes of a physical enquiry. 

‘These stztements as Lore wade perhaps sssnme 1 certain 
air of patitnde. No paychologist, it may be mk, explicitly 
‘makes ouch assumptions Yet exaczplea may readily be given 
to show that thay re realy ampli is mech peycolage 





ay be radlved, 
‘consider, ts 4 angle example, Kotler’ experiment whereby 
4 an waa ince fo choowe the igbter of two grays. Watson's 
taconite eas ft i ced 
Hees say. thes measa anything, He sean tbat 
there hasbeen forted 1 connetion betwee the 
eaponde and the simalas presented by grey A. Furtber, it 
such description isto have any value it most imply that this 
Pictu eal have the mse fl in athe connctons, I 
Towaver, the hird is shown grey A and « sil lighter ude 
of the sae clo, MBhlee has down tat wll eect Che 
Drea emdned imal and chose te other 
which it has never previomuly wes. Now i would be 
Xo cxount fr this teat by athe eaborts ee of Blows 
conception af inhibition ;” Jost ms it was poesible {5 pre- 
Copernican times 19 accust fer the motions of the plane's 
by! the Ptolemaic systam of cycles and epieyces. Sach 
deveiptin wosld save the reber-conditionsetefex thes, 
racy as the epicyien saved the statement that the #02 
evolved rouad the cath, by an uaneccwarly combrous and 
fundameataly voneomary sopenstroctore. To divide up the 
situation presented to the hen ste » sizulas of one shade 
its couditioned stimays of another sade then seems 1) 
be forcing eaription along preconceived ines. Hire itis eon. 
fualonal to adopt as « peychologial unit a *stimalus” that 
say be manipulated Inthe manner of purey physical éatart 
Filided to and subtracted Gecawthontarking the question 
whether sch recomblaation wil acct the reation of the 
“"uizalss” (ote organi. The sue print 19 shown by 
‘he facta concerning ntibition that have came ont of Paviov's 
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rmoarches. The great experimester’s implicit chery is bere 
belied by the facts that be himseif hax uncovered. 

‘The unauitabity of this tind of analyeis may, again, be 
em by causiering an aniazal in its ative habitat. Toreading 
ite way through the forest 2 ayoids this rock, goes cound this 
‘vee, runs Cowards Yhis other animal, ard sa on, When we 
atte to describe the animal's bebsviou, that is to aay, to 
give an account of the situstlon-orgeniam reat 
Shoe proper to describe the tree as componcd of a colocation 
‘of green und brows lavas suppocted by « dark brown aggregate 
Df particles comprising the trunk. The other animal ix not 
in this connection best described as a collection of bodily 
Covering and organs exiting light waves of various wave: 
Heagth, Sateasity und distribution, mor its exy as seqoeace of 
Pare tones and overtones. Still lea would une seeking for 

mggregate of 
ot 
a 








envenient decription call the “tree” a0 
‘abarntely erganised chemical sobsances wach as 
‘Which the plant physiologist speais, oc think of the rock 
{collection of calciess carbonate molecules, or the aimal’s 
Gy as 0 complex succmsion of harmonic airwaves. These 
Sater arn so obvions that they have «caraia yroteoque 
illect. Yet they may ceasorably be in order Co make clear 
‘the fact thatthe unit of axalyss and roethod of deeription 
which may bel ion eo enue. wc apy, 
may be entirely united to ancther, such 28 poyehology. and 
hat diferent nite may legitimately be wand for aiBerent 
urposes in analysing exactiy the same set of data, They 
rovide a radio ad sbsurdaon. 

‘To retara to an example already taken, tbat of the sinple 
gravitational pendulum. According. as iam istereted in 
fhe iron and tarhon atoms as sack, or i the properties of 
harmonic motion. my unit of analyaia will be very diferent. 
‘Whenever we are investigating natural phenomena we us, 
nck, cart in oor analyse ap at hinge at whic 
the phenomena onder ‘ae eseved, 
print wan pparcty tet wae y Celts oo ain 
Sethe fdr of eh aban a it ti re 
{0 go a cetain distance only withoa! Joting the peculiar 

Froperton of ict. It is repeated by Maxwell is the Theory 
of Heat. We do not assert that thee iy an absolute int 
to the viability of marer: what we avert is that alter 
sve hava diviied « body into = certain finite oumber of cox- 


f 





au ‘THE NATURE OF LEARNING. 


stituent parts called molecules, then any further divbion of 
{hese ‘mclocnles will deprive them of the Propatien which 
five Hse to the pbeoumens cheerved in the wubstance."* 
‘And yet ofcourse, for cts studies such analysis would be 
‘ecemary—da x modern intra atomic bys 

The Stim Alter these peeliminary critica Ket ws 
retura now to Pavk's basic expenmental method. “The 
main requirement is fr instruments which are capable of 
Producing « perfectly faolated and cnvaryicg atime of a 
Setnite degsee of intensity." > In its nmediate contert thet 
Matement ts anpestionstle. Tn order to control paycho- 
logical or other conditions, it oeceaary to bave the mane 
ol reproducing such conditions exactly. Without such power 
Ute experimental method is imponilde. With Une iwplicaian, 
however, that in such iolafed sticull we have the sumpleat 
owble aie for dealing with stimalsticn, a unit which bas 
{2 the save time ‘the eaental features of that 
vehich is being analyte, mately, the stmalatng envirenraet, 
the statement fe open to questo, “That the implication is 
(ere sera toe clear Som sch references as that (0 "waves 
of sand, hts the ie" wick an serve a ection 
‘Naw iti lear atthe outset that fs an objective 
ins Congdon of sey deci Nacho 
‘The questioa i, mecesary determination by whet? The 
(reat prestige of physical sence in the nineteenth century 
Sed the wcimtise warld to buleve that the wialyuis it gave 
‘of the “ world" war the" exact and ultimate—tbe " real 
‘analy, and that it couKt therefore in fs exact and timate 
frm be employed to give an account of the determination 
‘of physiclagcal by ecvireomeatal eveats. Thus the 
sf physical science tad mruch to do withthe popelarity of the 
eiex"” hypothesis” which we have ae to be the bois of 
(he "conditioned reflex” theory. Tt was easy for nineteeth- 
cxntery workers to equate tbe enviommental, causally Getr- 
ining, factors of organic actin with the cuties with which 
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nl, Thay of eat pia. 987.3. gt. * Pid, pnt 
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‘such physical acience deal, thas obtaining the conoeption af 
“ stimotes" es a“ wave of Hight” cr as a change in 
‘umination. The sefier inypothens has of late bem subject 
(wo considerable cities for its insbity to explain many 

facts of behavioar, At rik of fogging & dead horse there 
sell bere be ‘made certsin further crams which ope 
particularly germane to oar treatment of the organisa am a 


ving system. 
‘Relations bcseoe Organism and Evizomment not macesserily 
Lingar—Ater Chere has boen attained ix a system, whether 
liviog oF norvliving. eqeitbrium with surrounding conditions 
the Principle of soeruse determinacy reqeires (at exteral 
conditions and systemic stale are so connected that their 
Interdependence Toay ideally be expressed in the form of a 
conatart set of eations.* But relatos need not necessary 
‘oe Linear, two quantities being Lsearly related when a specie 
change of the one is atways followed by x proportionately 
‘equal change in the other. This may easily be seen for 
hemical ypters. 

Consider a mibstanea which i split up into two others whan 
Aight falls upon it, the ation Being reveruble. Imagine acertain 
quantty of tuck a ubanes in sltion det certain 
uminaticn. Decompodtion wil have talcen place. 
chemical reaction ie Teversitie ths is momentarily olset bY 
syathed of the primary substance. For any given intensity 
F Uiinination ese upping pects come to = poston 
if squileiom where Wjetheae end acompction balance, 
Thus the system is in equiitsom interzally and with the 
‘external conditions. "When this happens” the state of the 
‘gyvtem may be fond from the foraala 





hace I isthe intensity of the light * and s the conountration 
of the decempaaition products, K and 2 being constants. 
‘This equation connects the state of the system with the 
intensity of Wersination by an invariable relation, which lx 


2 Tha ansiy of hin eanaenen of equities eto 
forma the Gxt fak ana gol of pineal invert conan 
‘at tre objective engebhy” Paver. aged pon, whe ewig the 
‘pel betve ig and now bong ores 
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roy howere, « nxe satan, These haope is etre 
Ealein by nomena podaced iy fhe me ore of Bret 
einadors, As 2 matte 2 tat opposizaray eyed 
Ganges of ten ene, ex med Oy mere of Sa 
contin oft tre Gcenprton rotate Prodoced 
By changes of lhe teal vaying lr abou ape ta 
ast smo mete canto! depen he man of 
imninaton ready pres Te rope here b 2 phy 
‘chemical system, the state of which s connected by a constant 
‘latin Wha exes conden yet err yrofce 
‘ual change a the sytem very ent esta Shang 
Say beeaoyed 
Tats ne feces an eguic system, Tt ct oer 
tog far ud. The pysco coral te Jot coned 
tei of hi to hgh hs prc expec, 
evs of ani to yeaah ae 
‘rohan sendy ae, by Swng tat eal robb 
1 scbstance which is thus aplt inte two others ae 
fh teats practi fn tance which meats 
{Gs oral tenting apperten ‘Typ of th arias 
SS ate val pny Se wa the cs 
‘vam, which, whee Congleton it 
Boia atau bydemagttbestica! Tia chsowad 
Sr conan tect, Wo ave thea» living ste wc 
{heute constnt er ogres os erent om 
part, gratly varying degrees of external change. Systemic 
conditions are correlated by a constant relation or set of 
Ieions wil extemal costo tod pet tine & Dy m0 
‘Seam Una ton betwee eee od eyaemie cage 
“To'tame reflex may rage a soe ceases gy tes 
ZHek inuae of eon eery bow ameter 
thy qoetioe sow wing wht the eins fox the 
veiled coer 0 Heit? It a change of the exema 
Conatioessfecing the pcloecyon, Sedge 
Aeooury mervoes impcnen”Se, peting asc. aay 
‘Sint such eral changes wil Lave the Sect many 
sel ave i for one iensty of ge tad mo fr antes 


1 See Macht tga, 9. 2g Strictly epeing we bev hare «patil 
pe, tae teh yee caspaing the ight ee ihe pete 











Tala of oane.e igh wephted extamest, Sn ck ec 





‘variation. This a cather fa roca aa exact scien statement, 
tnd it seems to make tbe phrase "ihe simsdus for the with: 
drawal celex"” scentically somewhat hary. The instance 
fhe pie vin of Ne dome iy oso way, 

principle being spliitly recognized is mach philological 
‘and peychological though 


" 
‘Nonlinear relationship betweea environmental conditions 
and systemic condition or change is indeed the rule, The 
‘ost famous instance is perhaps to be foud in the Webes- 
Fecha law, wich creates sation with tino by 0 
loa tionsblp, which is again. noo-tinear, 
savalving subjective” factors this law cannot, of courte, 
be quoted in support of our general argument. but it has 
‘en given an cjeive statment by Hoagland * whe sow 
that the curve which represents the logarithmic relationship 
is" an approximation to the mid-egion of an intagral dite 
teibution curve relating thresbulés of receptors to logarithms 
‘of stimalss ", Hoagland given « number of other examples 
‘of orguninm-snvironment relations, and while indeed the ear 
‘type does oceut yet it ls by no seans universal and depends 
of special conditjons, Taos response of earthwerms ad the 
oncantration of the ackd calling it forth stand in a tinear 
ralation, this being due to special conditions. Between the 
‘tngle of an inclined plane and the angle 6 which rats take 
sehen they climb up it there i logarithmic ration involving. 
Gand sina. Fer tent-worm caterpalar the relation i kewrise 
logarithmic. For flier crabs i is linear. Sin als the gravila- 
‘nal camponent in the plane 20 "this i equivalent to saying 


1 ha the alow the “thread ot ony partwar fteaty. 
Thcakold fof cour, «wate ouctin Sely Hs an aba 30 
sania te any eal erpceior agai. 
ssa sie 
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‘at the ange 8 is proportion! tothe logarithm of the intensity 
of the force causing orientation". Craaier bas shown thet 
haan differeaces are Gse to the mechanical siracare of the 
‘myaalams involved, 20 that the elect of gravitation an thee 
‘Blais depends on the special mature of the living eyotem 
finder censdertion. Tn ther cases, au i the Grom move 
mnta of the slag, the cflect oa the organic is directly 

onal to the logartima of the ight simulss. Enough 
aa then been said to show that wisle the general sleatise 
saromption ts that there exbts x constant relation OF et of 
Trlations, between cxganic state or rexpanse and external 
‘ondiions, yet these rations canaot be assumed tobe ina. 
So bat from ax exact pnt of view the phrase "the eiauiue 
Docume (ndeterminate in all Sse came exactly a9 18 the 
‘se of the photic rection of Aye Arman. 

Consider then soch a statement as Pavlov’ that" deter. 
imipats (betinente) stale and inbora reactions of the 
Ataimals to determinate inisences of the owt? woskt 
‘which are mediated by the nervous system, have loay been 
 eatore of actly sclentitc vestigation aad have reclved 
fh physiology the deigaation of reflexes ". Or his dexription 
‘of denen ta "regular causd) connections between desnite 
‘eterna stim acting o@ the organisa and it occemary 

16). Tes dear that sooh a eed 
1 determinate, a epplid to environmental induenoe, cannot 
‘und, at least ia comection with the hrwe "strictly 
‘eeatiic. investigation”? Speaking most generally 10 
‘Quantitatively constant and thus fllydeterinate exprenson 
an an a cule be given for « “stimalon "conde an the 
‘external exctant of « quantitatively determined refx. We 
can speak of « constant reltton or act of relations between 
fexterral conditions and systemic sate, conceived the moat 
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general forme, and between respective changes in thete ; But 
Uhat 4a another thing. Considerations of this kind ‘bave 
indeed led to the proposa? from authoritative sours to apply 
‘he term simatns pot to the environmental factors alocting 
receptor bat to the primary change produced in the receplot 
(Paneer and Crotter, 1929, 0 352)." 

‘The objection immediately occury that at a matter of fact 
the reflazes of the biologis's everyday experience are t0 8 
high degree determinate reactions to determinate stimuli, 
‘Thai because of the special nature both of the structures and 
‘the mode of stimalation selected. Often a special spinal” 
‘reparation is wed, The semuory structare exploged a st 
{he beginniag of the experiment im appcoxinate equi 
‘with the surrounding organte conditions, This equiiteium 
in disturbed by the electrical stimulus and acter follows. Tf 
another stimahis follows within the refractory period, pre 
ssomahly 70 second reaction takes place. Aa a ru, however, 
the time interval is longer ; restorative process have hud, 
a opportunity to do their work of bringing the reper and 
the other atructares approximately to te proatinulss state, 
which f_one of eqaiibriom, again with the surrounding 
conditions ‘This equitrium is once more disturbed electrically 
‘and 90.0n, Thas we have somacthing the wamo thing happening 
‘cif a clare in total darkens were mabjeted to an Mlaminatery 
sthmahs which was then removed end not repeated anti 
dark adaptation had again oot fa. In this case ie would be 
found that approxicsately the sare intensity of illamination 
was neceuary and euficient to cause siphon withdrawal 
‘The would be a" daterminate, stable and inborn reaction 
to 2 determinate infaence of the ooter world” (Pavkw). 
‘This renult would be due to fhe fact that Hot onty does the 
‘rginian come into equilibrium with external oonditions but 
this equilibrium is conervative, teadling to reinstate the 
‘organic pre-etimulus evoition. - 

‘The same thing say be seen if we exarnine certain other 
facts connected with bubiteatioa. This phecomenon aay be 
correetly denribed by saying that on repeated stimulation by 
4 conttant disturbance the exganiem grsdealy 3} 4 


2 cf. te Lnternting anya of the ren cones by Blane (1921, 
rho tanta iat cin cocrapt can be cote ocly i expreming 
he fee of enemies case botwecs OgLAEN and 











‘Toe phmanenon Starved’ may iter tag of So 8 
‘ie te ihe pane ion 
arcana! Rex on whch eto be but 
tha condoned vex the 6 peony wet 
sb stents mgeremer aia 
Geran prying! and prysiokcal contes 
courne, been ie ‘Thas a stimulus of increased intensity 
iti to be towed by leaned extent of ration td 39 
to; and tbe ponagets ave end thelven to 
ppt he ao Seats hte hae 








TeBenea” do appear: its rather with the 
notion that as ordinarily deficed and used they give the 
‘pouslblity of establishing a scientlic peychology resting on 
a quantiatively enact set of reiations between the environment 


» ew be rmnbered Et he Lain ae Sheraton 
None p ae. 
‘Bore rae the rai ae cooept, one Wooster 3999, 
pa 
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and enlearned reactions. Nor do we quarral with the fact 
that conditioning takes place, bot rather with the assumption 
‘Hut all acquisition may be described ax Ue process whereby 
any etimlaa can come to act asa subtltate far certain other 
deSnite stimeli which imately produce a definite organic 
Heaponsc. Up to the present cur criticimm has been to the 
lect that save in special cases the dafzite stimalus to a 
Gefiite, Innate response Se not typical, and exists only whea 
‘special arrangeoum's are made ta secur it 
"Now the aremption bas hitherto been made that stimulation 
consisted {a the hamogencoes excRation of » single Feceptor 
find, Winn thers is homogeneity in receptoral excitation 
the problem becomes auch more ievlved. “Suppose, for the 
sake of slplicty, that one area alaoe of a visual receptor 
fild is excited. Kober tas discumed the phywial chemistry 
fof mch an occurtence.* In general, according to his hypothesis, 
the whole recepter-area i igvolved, coming to an electro 
beenicalequiibesam of ts own. in this a special part is played 
‘he Ulmsinated area as contrasted with th aol te ld, 
Physicochemical discantinaity thet introduced come: 





Pg be 
mare ta 
toes parame weal 


There begat fo be = ghiy compe sents betwee. ok 
& simple retinal mesa pattern, the external conditions: 
falling forth, the news Urpus wach are tid, and 
Seiwetn ale thee andthe Seal cquihcestate fhe 
trparne tod the movements of resting by wie Se 
‘debe It haw boon sean that esa an ces bee 
{iar 0 sch © capples echoiom ag thn ora Or bait 
Tena eye the wcle conrmtareytam ones (0 fs ova 
tilt, the foxcming of dea) neal seen 
‘Sing. aed by the wate of the wile recspeoocural 
‘rule i qunon "Toe reactive movensats fa apie 
Posi sale wl be aes by any acer, sO) 
fe pont afte yen tbe tenty of tration over 
{Be et ofthe tind mr, nt oe Aga the Sten 
Feuctin to « imal coming of Stermate Uh Wve 
oe ok et 


12> Shtvercvte der bedations Rem” Pace, 2986, 9. 205 
‘The wun sees by Pevov ia ots. 
* fon ps tase. 
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“Weare za brought tothe necood assomption of conditioned 
sefiex theory, sazmaly, that © euxtion muy be Conldered ab 
‘he anregae of fodated sul. Suppose that there ae tno 
such epols of reli exciatos, Woet wil be the reaioa 
Ba the general boy nquiitiam Une reached, and the move- 
‘beats cnployed to each i, to that atalned when 4 sage 
spot bs eacted, a5 of thee to the small ox changes of 
cexemal eneyy? At the prevect time we have to thee 
{Goatons no kamen that will crety rate organic stale 
ing cergtie candies. The Gestalt 

Dave accumelated «loge amoust of evidence tending (o how 
‘at woch ishemogenety of excitation gives rie to ity Ow 
CCueteroc phenooment. xalegoas (ote srs and traing 
{ollowing ichomogeneous peeware ons mechanical stracte, 
‘Two 1 a caoweal series of experiments Werthelmer* in- 
vestigated. the alla of soccestve excitation of diferent 
‘tinal areas, using the method of ittospection and sepert of 
Taran subjects. Wertheimer's claim i» that ender eetaln 
conditions the unique perceztion of movemest, named by 
tim inorder to wvoldtemplications the @ phenomenon, ries 
foomn wach occeadve excitation of ferent parts of the 
ean puree ae. Sipe o oven, 
{elogots to that ax which the eect of the moving plete 
dnpent nsot duc toaxation of ove o cher rec are, 
for can it be cousdered at due to the addition of two 
cers cs ee poet ee 
quilutively ew plrocmenoa of corsiomons, 

feglal coelative of hich scoring to. Wetbeomr 2 
set of Physiological process indsced ‘by sautual inte 
tion of two excited nearoreceptor Seida THOM en, 
HP Wertheimer is. right, the "adden "of 4. specie 
external stil gives te to ently eth. chysological 
‘In the description of sock ax occurence the concept of the 
audition of will is value Ie b, of conan, trae Cat, 
fwhen the energy exited kom each surace is gives parte, 
‘hat tom the two taken together may be Sound by a proces 
of ficear addition. Yet ts wif not belp st in the payeho. 
iogieal problem. ‘For such summation feats Sue nition of 
light fro the two sources as mutually iodopendeat physical 
events, events wich are alo idealy Independent of any 

es 
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cxqasin Aa soicly physical eveots thay are, of comse, 
Independent, a lens to avery high degree of approxiation, 
But rech « purdy physical destiption wil not elp ithe 
derstanding of the organic cccrrence, where the ect of 
‘ach extemal event is protoandly modséed by the presence 
Ot the other. Here, than, oa case of betrogencour vein 
Rimsistion where addition of "stu" is inadequate t0 
‘escribe the coredated paychelogio) or physiciogica events 





ect scorng ar ato ba ot fen peceed Oy aneiat 
son sical Water's iaceorst Gat mut be 
ed wo or rinracied fem cant beaded «Gieent 
method of combination must be employed when the rays of 
utr coheed ex papel prises en hen ny a 
‘Rta "Tsay oneray be pnd Wales 
‘ul Ti pr is want 
aoobieee a ma 


and gives references tending 
extended to cover all reflexes. ee ae 


amnot competent touty. In either eveat there a a ultitode 
‘of cases whece the method of linear addition of stimull ix 
‘alonlaa and misleading, expecially thare the complicated 
iatance receptors of the higher oczanisns are Involved. 
‘This ia, of eouree, only. a negative statement concersing 
‘a auch more complex phenomenon. It may be said that 
* Hetamateng’s einige of cmcrtntnty me to bevy reed pylon 
‘2's pons whore ingen to sea fy Starnes ew to 
{he dee of cbecrntin No great denied by prs bee acy 
ndepeninat of mevston, = canon wien Badinging ses fo 
ahr Yet it a Soe Gat che Fal of nance nas bean 80 dete 
‘qrets at ny are fe elton #2 delenit Hom Cae ration 
fm obeeraticn ov an cberer.” Se Compose, 3735, 20d BARS, 
te. 
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commbiaaton by near addition of two quantiias i a ss 
Instance of the phimopber’s " external relation ” to whlch 
rederence has been already made. When we say that since 
‘he length of the saight tne A is «, and that of Sine B is , 
‘hereore the length ofthe two together i plas 6, we sssucae 
‘that the two lengths in question are waltered by the fact 
of combination. “This is the same as to may that in this fresh 
combication ¢ and b are externally related. Now te whole 
lropact ofthe Gente atack on fhe ace tanonal pychology 
thas been directed wpan this point. 1 hs 
that however physi) events may be 
that fe to aay, when counldeced from the phylcet's polnt 
wie, thes organ cBects are in general intcroally elated. 
‘We are not therefore helped & our understanding of thee 
combined effet by any simple proces of combination of the 
Physical stall, This is sometins expressed by eaving that 
Gestalt prychology reject tbe * constancy" hypothess which, 
in behuviowitic trma, is the velox hypotbea an utated by 
Pavlov.» Thus In Wertheimer’ experiment, when the two 
‘excited retinal areas aze Brought Into elation, a fre unity 
as, contig of to terms in nteral iin nd wach 
"pocenas i each excited receptor aren axe 
‘a bghly complex manner by being bronght int elation with 
‘hove the otter.  Wertbeimer'sexpertpents were elaborated 
Kocte and Katia, who formulated definite Iams for the 
ya be dmoribes* It Uben, tbe simulis vaive of an 
Fxtemal event is changed by its reatca to other stimelating 
events, each stimulus must be considered io its context and 
in elation to all ater simi preseet. The (otal external id 
rat be taken into sccount when considering the stintlut 
aloe of any particular physical evest.. We may again ue 


eam oufintsy chemical clcition the pininn of the eue- 
servation ef mater togirs tht the aan fo separa Feats 
IS repectivly sed >the total mam ater eaten lo pan that 
tomy, tas mom tt fund by lamar acaitoa of te quantities 
‘rpreog the sparen, socusecied usm, Inthe soe ay, cet 
ib alder pipes twa selon were compousded by Loner e4dlcon 
SE vectors; bere ne mt sany stb Sestancon Weert Hong at 
‘pcted the frome of simple Mawar nadisen te = Fewsipe Bf 
‘atioo. in eer accaratly to compound ta vise the Lames 
‘pmdsrtsion eet be employes Linen aden ce Gv eet 
Hh te core nly apprentice Ge Lling cae 
kane, A aod Hotia aos 
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en inctance aleady given. Jn KStie’s experimeat in which 
fhe trnined hens and chimnpansees to choose the lighter of (70 
sqeys the" stnwulus value ofthe rey in the fest experiment 
Gepended upon the total stimeias Geld: when this wad 
sppersiately changed the stimalating eect ofa cota shade 
Ol erey was profoundly modied, although no iteration hal 
taken place ithe simulating ight waves in qumtion That 
{a to my i the two sets of ight waves coresponding to the 
two shades of grey present at any one expersment there Were 
two external events capable of atimulatng the exgansos; 23 
Phyvieal events they would, wen tested by the ecdiaary 
Delociplea of elementary science, be considered a8 externally 
Felated, each unafiected by the muteal presence of the other 
‘Their oogenie eects, bowever, are reutually altered cach by 
the ofthe ote, 

perms tly pee "Te gna ig at 

s oss 

Extended to include the total stuation” surrounding the 
‘tania, inching. ia the big: foras, very complex visual, 
fuditory and olfactory fekie, each of which will compre & 
nexus of elemente which are relatively independent from the. 
point of view of physical science, but the effects of which ex 
the ergazisa are muteally interconnected ina highly com 
Dlcated manner, These complcations will make necessary 
8 fresh grouping of the phywcal siteation-lements if the 
‘ualormities mecemary for peycbologcal acience wre to be 
‘enubited. 

‘There is thos opened up a vista of complexity, which far 
ssurpatnes the conception of x situation which ean foe peycho= 
Jogeal purposes be directly analysed by elementary physical 
‘treatment into separate sizul, a situation which it 
fea) analysis analysabe into  compler group of stim 
‘Such analysis wail literally Inve the wood! fel 
‘wil destroy the speciiceteunic eters of that whichis being 
snalyaed. "The physcal and paychological sciences require 
‘Uferent write of analyis ix order to exhibit that constancy 
‘of elation which is oeomaary for ecietic statement * 

The Conditionsd Refes ond Hobi.~Let vs now consider 
Wetsoa's statenent thet when a complicated habit 

2 Thm pet na oti the mea at sade by Profomcr Net 
{Mis Chins Pryce (ops) Te was Bade abo by ee proce 
‘ier aw peer wee ines 
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formed each put of the habit is a conditioned refit 








‘whenever there present 
‘Whenever there inf lighter gray. In the same way, iC wt 
tay that rejecting the darter grey & x conditioned reflex, we 
‘at further add that this reser ss such thar i mbiited 
{tnd « poaitive conditioned response indooed by the praseee 
of a gull davker grey. Further ove rust add tbat this latter 
‘canditinned refx fonctions the St time the specific atimaina 
‘a prenented. Ta fact, in order to analyse this habit voarding 
to Watson's rule we mast asverse a conditioned reflex that 
‘s innibited by a whole range of still, and at the mame time 
1 serie of other conditioned refexes that spring into being 
‘At the frst presentation of the aticulus, possibly by che 
‘mechaniam of gneraliaation. Thege qualifcations ar felt to 
bbe grotenqun, Decusae itis impossible to describe this simple 
Ibabit 6 ternse of stable enadilaned relexes to Bed stim 
‘composing the siteation. In fact, if a habit or constant 
response Is described i relation to the situation calling 
forth, to divide the action into specise canditioned reBexes 
to specie stimuli makes necessary 90 many special qualica- 
ions Chat the description becomes useleat, just as to describe 
‘the planets as rotating round the world in cycles and epicyeles 
fs, in practice, unclean, Order is only tztrodueed into. thn 
scription of the simple Babit deacibed by saying that the 
‘bean have learned to choose that one of two sigan which 
lighter, apart trom its abnalute degre of ightneas, « deesziption 
in terme of the whole content and oat which a ferdazsentally 
lrreconcilable with the concept of the conditions’ response 
‘to 8 specific ematoa, 

‘Music, Roading and the Conditioned Revponsa—The question 
‘under consideration isso Smoportant that yet another example 
aes, pe 197k hla analy of how wo ay lar 2 wall roend 
1 rooat by tout conitoeedrelenes. See abo Paver, 3607, 255. 





‘bas bon differentiated out s0 that io other tone prodecible 
‘om the wpparatus was followed by response. By prolonged 
(Practice this sonditioned reex became very highly stabiled, 
Soppse now that the active aote is included i a 
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aabova results show, however, that in nding the organic, 
‘prychologies! elect af the total aggregate of eicull tome 
Sther mathod than that of simple combination of tinall 
must be employed. The arpenyio cannot be considered as 
‘three ote sith zero effect and one sot with 

active conditioned eect upon the organism. The organic 
cect of each note, considered as a seria of sound waven, ia 
by tx elation with the ether notes. That to aay 

in philosophic language, phenomesally the siclody 
‘8 unity of internally related notes; behaviourist 
vale of the notes composing the melody 
sed, and St i just these internal relations 
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ABAt the answer sbould be no, for the objects in the above 

did not eact to a maddy or mask pase 
0 0 many discrete notes: and i is tafe to aay that A they 
Tad bees the melody they would not bave done 
tbe 


Hare the oonditioned reflex enthusiats, azony whom the 
‘writer was once numbered, sil perhaps answer that in these 
experiments we have othing bot what might have been 
‘expected according to the results ot Paviow’s laboratory. The 
Active note has been conditionsd by continwal ansccation 
‘with the electric ahock. The other notes have been given at 
fahibitory value by the proceat of difecentiation.  Cnse- 
quently when the active note occurs in conjunction with the 
Fadiderent notes forming the melody, response is inhibited, 
‘Than i would be said that because of this inbibition the 
arpegzio 1&2 diferent stimalos from the individual notes 
composing it, just as Pavlov mays that a “ compound stimula, 
‘the component units of which fein in themselves unaltered 
tas behaves In difeent mmodiScations aa a diferent 
imotus "> To fact Feange Smolecaky in Pucloe's laboratory 
‘performed the zeverse axperiocat of the wtcr’s, Me extab- 
linked « eoaditioned refer to a compound succesaive stimahis, 

Sin , Spr paar. 
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panllel to the fouracte axpeagic, and when complete 
‘ferentiation had taken place found that the individual 
‘Rotes had no eBet.' But to speak thns of inhibition exerted 
Dy the other notes is really to caim exactly what we are 
claiming. Tt is fo admit that a eatin socouat can only be 
igven of the eect of ane conditioned stimalus by considering 
{fin calation to other stimuli Full acientifc description must 
fnclude the otal context, in this case the axpegeio on the 
background of the experimental room and #0 on. The oly 
Adequate prychological description i to say that, on Be 
‘oman background of the laboratory the isolated vote exuses 








the other notes is only another way of putting the sme thing! 





Of course, when we say that the arpeggio consists of motes 
‘whove atimalss values are internally related, becate each ib 
‘modified by the presence of the other, we are again making 
‘tha same point as the Gestalt payeoiogiats, who clalm that 
‘the melody is a eoitary configuration ; for it bas been seen 
In the second chapter that itis exactly the interrelation of 
Afferent elements that constitutes thes: a waity. The sep 
ton that phyeal eveit city be Unasty combced fo 
1 payehologial situation can give 90 reason why the 
active ton on one occasion causes response, on another does 
thot do oo, The fact is that 20 analysis of « wtuntion into 
‘pecific stimuli in the verse of determinate external events 
correlated with specife conditioned ar anconditioned respons 
‘an help very much in the description of peyebolagical facts, 
Rexponte is indeed intimately related to external evects, but 
rot in the sense thet a determinate " stimulus” foro tbe 
point’ of view of physical ecimce is fllowed by 2 xpedife 
Fesponec. The relation between the two is of a nue mere 
complex character 
‘One raore example. Consier the activity of reading. 
ere the pertinent situation ie the printed ratee which ix 
Delog read. The obvious element of analysis into which to 








2 agan.p. 247. Belov dierentitin of the compo sola the 
{ncioelsncenes were fa geoeal apparently active See Lactate 7 
1 Te might cone’vbty be meena iat, beens of te fran a 
eration, we tee bey a eacer kind of pag. It well 
frotabiy be bats Bowrees ta tod = compar ect Go fear Bt 
Sie kod of cin. 
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vido this altuatlon isthe loter. This was indeed the eaalyais 
cqurent thirty years ago. One “learat oae's Ietters” by 
© method sexingly akin tc the anquiston of conditioned 
refleres. The letter was presented aod the “nama” of it 
simoitancovely given.” A" we were told, was an archer 
‘who abot at a frog, ond there wat the letter A to look at, 
‘Alive of pelnt would then seem at Scat alght to offer the ideal 
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same the same way, the two signs i and ) have i 
ip ne wilt: togtber atte bagning a poset 
Dy are writen 7 = 
Ih ot inthe directions of gu ercberal sare oF (tt, 
‘Whole groupe ltrs may ths be completly change 
a regees the caning’ seording te the Particdat 
conte 
“To analyae& reading sevtion ito its typagapial Ietars 
as component codteond stimat would Cary negate the 
‘whole porpose of araiyas, fer ft would be to waives into 
Uitoe, If would be comparnble to's chemical analy tata 
ements ‘which wers fundamentally changed at cherleal 
‘Gamests whenever they entered int «new combintion, ‘The 
fesdig uteation le Qyucl of evay other atvation which 
‘onfrts an organier.” No situation cin be wnalyaed In 
Iineacly additive extmrally related wnat, according to the 
‘obviows methods of elementary plypcal scence; no hab 
habe anv into ndopmdexe Seed peas, 
‘urter Objections 0 he Condition Response Teer —I 
‘hin entice of the condoned reponse doctrine were POL 
oagh, thee wosid yet remair ex topersble abjeton to 
then OP charm sao ang TH 
Stlmals ‘on’ wich the sxperiments were, pecrmed_ wer 
fontined im x al, in which they had been trained to stand 
{Telly The haman beings co wich than toc experiments 
‘tere made were, by the coodions of the work, wept at the 
Table fn the Sbcortous tention, and, lathe witers exper 
‘ents, only by means of ineumints of one hind or another 
‘labor wed for the wock are Sed ip, Sars fattened bn & 
‘mp. ‘Tita the ordinary conditioned reeponee eapersints 
feet the highest degree unnatural, for by the necemary 
tienen ofthe work the total oral repose ofthe whee 
Sanam is impossible These total Teponses cdialy 
Idte ocemetin, which fe neccsarily Ciniaated ih the 
‘ual conditioned response work, Por exile tw dering 
‘Mn experinent that wan Gemonstraed to an audience PAG 
Eaten "Besides the wereiny, the molar camponest of te 


1 We tou cocaerable csicaly in indacing pple to eave the 

very ral deere. Stadnete in pc bolgy were wing end 

fore ol fo th nk of seam. Otaceb o be gl ighy eid 

‘From peace cnamicatisa oth ober experiments I Kowal 

‘info na encreleapeceoc Wh te hehe ing Spe, 
a 
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{ood reflex & abo very apparent in experiments of this kind. 
Tn this very experzoent the dog turns in the direction from 
‘which it bas been cartomary to preseat the food and begian 
to Bek its Ups vigeronaly."* Anyone who bas fed an ania] 
knows that ule orinery, now-experimctal conditions the 
saimal wookd have rus towards the food, jumping op to the 





repens, bat ncding ey oasy erent 
Interment. actions sp aca rt e 
Candied rere stab part ofthe ume endioned ren. 
Sarthe une way sex etch ban earned to ran for fot wen 
it teas the Pata bing temorad may be Sheri to Bo 9 
smerever fay happes toe atthe te A og wich has 


pA abecp ag 
vill “go and fetch the sheep” in whatever part of the field 
they may be, and $0 on ed faGiiem. Pavlov calla the 
conuitioned reflex a sigaaliation response. It is only by 
‘enioating the nataral movements of Tncomotion between 
the signal and what ie sigoaled that be i able to maintain 
ut the conditioned reflex is parallel to the anccnditionsd 
‘nae where "a stimaalos appears to be connected of neceslty 
with a danite response. And it is only by Hiniting his 
bverration to mlivation in a confined aximnl tbat he is able 
3 en. at 

1 Ge da date of wetng a wstraloe ra 6 ame tx ea weer? 
\eneenery tok an ante sow” Mecca fw fe Sod ove cow 
pr an 
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to maka oven reasonable the statement that the animal 
acs to the egaal ix the same way an if It wece food, oF 
prodoest on the canal by stn bang te 
onthe he sods ofthe Dating eo 
home and sowing i real fod" In a satral setting only 
‘ery saull proportion of the actions prodoced, for example, 
a carsivore bythe arta) presence of the rey are dential 
‘wth Grose rodoced by the Sound af te ve asia ry, 
‘The difeence is due both to the intervening terrain, which 
aay ioell vary indefinitely, end to the difecet vetare of 
{he respouscs tubeoqaent” to ullvation ” Sgnaization 
lnmues a ference in tune between the conditioned and the 
conditioned retex* ‘Unies the animal i the unatsally 
contin drcarstances of « laborstry, thi intervening time 
‘will ordiarly be Glled with action peoeding, tnd) th 
‘Additonal to, the reaction produced by the unconditioned 
imal 1 the istervening action between the ustan- 
dtioned and conditioned sull creates difcene, {a the 
same way the Anal reaction to the socreditioned sirvulaa 
ib"aierent fear tat to the conditioned. Nobody wil 
rap inte tae way at fod yTolowng salon 
‘spond fn the same way as to i 
fh the entry normal rin of digestive and facie 
Inechanisne—a procadice which would involve a xpitious 
Aigetion followed by a make-bebeve Incecpration ot food 
{70 ending in = Bctiious defecation. One may vespect that 
term a wellraind dog would fnd diet of metroncme beats 
tomewtat 
“The fact ln that specie conditioed simul cannot, nt 
sre have szeady ten, verve in any real way aba subtiute 
{or an anoaniticnnd stnmaon with x constant nnate reponse 
‘What we have it a constellation setting off x plactic series 
of ceactions ending, i food be posent, ia the food activity, 
This fo a very different thing. “Bat when tbe constancy of 
the conditioned reaponse is taken sway. there disappear a 
‘he pemsbiity of the cai Uae by its soeans science iy able 
10 fall the peniseworthy object of enabling the proce 
"Sasiubip iting betwen the sve Plone of BAe 
fod the corresporcing ctivitce of the given organi, 
Pores 
1 ea Ue orto, nis Se onary epee. 
1 Bevor, eee 
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together withthe point of the cain tat habits are nothing 
tie loog thai of cooditioned seen“. -Any satisinctory 
fntchslogy of fubit mst take ato account the act that out 
Extned ssponses ae pase: any chenry which treats bait 
tre rgid cacatention of specs reepone sea eae of thn 
‘hie characters of bablta actions i he higoe erga, 
A present lence & Bedly perbape & n poxtion to give 
edt and cack general docrfton® of atit fa terms of the 
tegertn-envirooment relation It oes sot follow tat this 
{a ts tnpostle ne thal may De solved by pretending 
{atthe problem is cpr thes i ely 
‘Geared Siatenens-it t qow penile to give a general 
trastuend of car petmary protien, marcy, thn pealfion of 
tie conditioned response i arsine, The sateen that 
{babies series of conditioned refs, atthe eondstioned 
‘efenes are the wuts into whsch all babs ay be Tscved, 
fe th auc tthe atest at Se 
pable ito. complex. groop of. stsrll”™ and hat 
itimal mt be added to oe subtracted fom", We ave 
throat fsnisted that any past of the wnivere In whieh 
2 crrasiam Sods ue may be tealysed by the tecnlgue 
Of payee! acance lato cumples groep of” create 
For slentc peacice such analysis cental 3 proving 
tb rorans of cractly repredvcing and describing objective 
tctemal event considered an independent of the organ, 
Tt baa bean adepted tothe pocpone of crib the totality 
the objective universe tr sratualy sliconatent tems 











xidation is general and thee again with chemical comblna- 
tions of all kinds. Further, the description of the facts of 
chemistry must be made comistent with the moat general 
facts of physica, such as the laws of thermodynamics, thls 


2 Pare hat ta my, to Croce gener expreton of retin 
‘tly between the wig # and e where # tbe eagle thew by 2 96 
fn a plume loelled er ta angi ste tbe herwor, This rlton bos 
(od hgtarer want a tay) ane The owt Bigly Wrandurdaned 
Soalpde et sue of tabi, namely that reacted Oy fhe em exe 
(arate, dove wot a prwat speach veh geanlty. Tat rome 
xyeodhle to grees nist cages of gaueraity sy ubinatsy be 
Aamable doe ruck ex expremio:. PouSy nelyan wloeg Levin's 
Hoes uhsaaaly Deedee. 
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‘being the tank of physical chemistry. The altimate Kea of 


irrelevant question. At last the ideal of present-day ackeatihie 
‘endeavour is actnally ax ideal of coberency. When, however, 
‘Weintroduce a spacial system and desibe (he warld wpeciically 
‘h felation 20 i, thas deliberately introducing « dichotomy 
of iaaida ” and " outside " mot present in Uhe most general 
deseiption, we are at the same time introducing special 
conditions: "For each suck system introduced, whether 
‘ganic or inorganic, we mast exial special relations desgo 
to take account of the special case thus created. The Laws 
Gf phys re are To tm prey gee wo wt 
Seserbing the eflect of exter 


tytn, tpl teatncal i neconary wien i bot 
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‘t 
iis the prt of wince ger Ur 

a af deity anf mets, Sopmaivey erty 
tbe ame way the spel tak of exingYhe rin a 
Ak eaten pt oe 
sl reouog mck tata ir ibe mete fer 
pewter of acc bog the toga! pyeSagea 
‘Now when the atteapt sag do to ext he lation 
of cain eves to the erpie ses, the dentin 
Sporpiate a poytcal nies sm ef wey ey 
97h ita tnt spel trate wh foo 
“fem oc by the para” Ga ix band ‘Sted ctr 


{ght of this fact, and ban tacitly savemed thet analysis ch 
savin given by physics can be dicecly applied to exhibit the 
2 Spal pores a he taro eri nila. 
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relation of the world ta the orgsnen. Im particular thle 
‘Semmptios ie spp te Pepe fr the deine 
that the world may be spit wp Into physical stim, 
Gitioned "and" ancrnioned”, which ay then be drcly 
int, wdded to, and subtracted fom, in order to 
‘Gahiit the organlam-enviroement relation. 
1e would, tower be © mis o dey. 18 macy have 
done, the extraocdinary valas of the work that 44 
fom the laboratories & Pavlov aad cthers who have ior 
‘veatigated conditioned reller. We Bave seen the presaatare 
tnd Ulosory ature of the claim that upon te conditioned 
telex there canbe fomsded « scientfcally determinate 
‘peycholory parallel to an exact physiology, the basia of which 
Wthe unconditioned redex, This denial of the theoretical 
‘eonclusions Graven from the remults dow not impugn the 
ranlty themselves. Ondoobtedly Pavlov's dogs had aoqaired 
‘ahablt ater raining they babitually allivated at the sound 
Of the Dell, just ax ic the knee jerk experiments the trained 
jects ‘kclad up their foot at the sound of the 





pes as ie eh 
Bois ae reeotes at 
Seen macnn 
ri“ Saskeotemate 





rile retaining gfe. It has Jor the relative robes 
Of the baat sthich has gives rise to much phrases uy the 
‘2 phrase which every prychopatbologist 








tieitiaed cla horde wth grat tae Se, 
Dy repetition of the unreinforesd conditioned response, Ont 
fee Phat u dog conld never learn to anrwer its name by 
‘meana of Pavlov's macharin, for any alight sieration in the 

‘onditions abeaid cause ~ external jabtition ", 


[hi 
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‘which might indeed wear off by sepetition but should never- 
Ahnew be prevent at each sew ttetion. umes chapter oa 
hai, whichis undoubtedly for the mort pact based on very 
secarae observation of what actally ores, forms Indeed 
turking contrast with Puviov's condoned telex which 
‘Was pat out of operon by every passe coud. 

FUubis as we know it ouside the akorory is certainly 
sa amech more stable afair than the evaneaoat condoned 
feaponse ‘which, when Tepeated, progresively and spon 
‘ancouly isappears Probably Wt beat to think of Cin 
‘sndlloged rotor ota Lng aad un incomplatlyreored* 
‘ae of habit, Totaining the astomsticty and’ for learoed 
Sduracter of the mare geaerl mechaniasretaising alo the 
‘pathos ot rural pattern, whereby. s+ we shall see, the 
‘Pasaocation of stan ino complex unity is elected in 
‘he mare complex forms of learang. in the proce, However, 
ot cutting down to the bare rn the external sll 
by which than rests cus be eictd there ts boon eliated 
the" lcomotion characteristic of animal ax contrasted with 
plant fe; tae have abo bee climate, by the see 
Amptcity of the stator employed, many characte 
‘reser eure rors afl hr has been 

ly as the rent of hie amplicon 

Ne topes if nbhabity net characte & the ore 

Sle Tome at hace Topic’ Wh he eed 

‘Grpiiod case in mind, the ere complex proces of maze 
Towrning wil be coxsiered fo tbe neat chapter. 

1 Danks, 1m, page The erie ou 
te cndidcac rls sian od to pu though wenetins ry 
soviet at mbisace™ Sel. Avge mrt Wek 
‘e'omdnscoed mcrton curb gerd Seng try eats of woe 
Sinn he earned sinata Tae pecarucasn ncaa 
Dy saree progmeneme . 238 

{ope permona itr trie wrt Wandt han ade th pint hat 
tte aailocnd ter campirly terdedy abe vol bai 
‘ving. ag te savy sacetan te od ineromeet) vel 
1SVea clan Wena per sot fo fal hr cone ten 
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CHAPTER X 
‘THE PROBLEM OF THE MAZE 


“arte wold specie he bpin of yb 
silo saprme he Sao erga” Iwao) 
Tam cesta principles of the maze matod of studying 
een the exponent comer ety ying 
. ‘ceca eel te 
‘gry o that aaa anu number a ocendiveekasons 
in @ labyrinth of the Hampton Court ot otber type with a 
{ood oe ober rewardcamber attached. ‘The experiment 
ots the tive taken to rach the“ reward” rhe aber 
‘tee made, or both, thar bing fund in general to 
dream wit repaint int Fach, improveneat 





ger ct atthe begun te aga ta 
So soos paced a he St ey-nny 
‘Ratan tar for by the erat oun, og 
celevancen and paying Hee or notation 6 hone 
_by-ways so thoroughly explored at fist. A dilatory, somewhat 
Nay dying mst Kan been converted ion nal 
Say och th» perp 

Ts erder to Madan the obective facts hate bind 
tule antirpororphie ception. et or bmgine ack at 
tapsolon a te tat tet seathn to the envionment, 
Sot benhing and poormig allo thes fonctions nec 
{on maifeance of ie" Theat facia of mattomace 
selected throng tbe expences cesar. Wik cease 
othe sae ‘ate we know tht 
Seager cntrectons ar utimatly cated by mechani 
ate tndartond fas dete Wat Se banger m- 
Erato ts sca x rete geo” feenee”; 
{he anima exc by Ceca timate food 

oa 








tclvably be rade that te serounding.topegreply ws 
paryetually changing, tn ths clnce the cesta’ woven’ 
Wale caren cha; ta pth ap, reg 
Se pero eel acy aoc with Rg oe 

inl th a dng ay no ach Prd 
Nqlar Stews comependng to te pois of spe 

t F 

Eiivty. This wil oan that athe bophanng of ech nc 
Der theanital nds laself i the ame penecalearrousdny, 
ind that fod i to be fos at the sme pice Under thee 
Gieunetsnon Donen, wil ordloarly’ tabs place ander 
{he standardised conditions until food i lound.” Now wch 
topographical couisteney mt, from the aap 
‘cute retrctions tm avtiog thd hn reader the Suceuive 
Pathe lve dial.” Under certain conditions we know that 
the Sucplentszaarty of paths wil increase, the soccenve 
pathy gradually approxiating tare and moce coaly 9 & 
snl form wat Sey are niatingsibe om each other, 
“The path taken to food ls now appronisatey eonant. Al 
is pots a elatvely caowant take of motion bas been 
fearted oder the fanderd and thytbmially recoting 
‘rnditionn.” We aay that learning has taken place, thal fhe 


! ch, for example, Bore, s5ye, p. go. Veewora an feaniags 
‘ake the poe paste choo Go lasous eumeet otra 
eg. p 

2 Th’ Cocmmat sate i Ene avery ecier coc hnnmonenon, 
tive, sot desks. Thre meas fe muy led pert 
bet cartan venation rouad Ge sgullbeiom ton. See On 
‘daca of he melipe tuck te ia us hap. 
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elite ty sta ae 
arma eeiaes 4 cote mresoets 
ea ee a 
Laie eae 
Say Sah cae tnee 
Sees he eaeree eae 
Tega tee ireaat eater” 
a rite ecient trans 
peers eit eer 
poe ere 
Sec ings terion ae 
re 

Tw mre aD Wat bi 
i hares ee tele 
rier oe vrai 
sins Teng bw geo eh 
Sore Sas Aare Be 
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‘place in a space-time, trom the teenporal and the spatial: 
- Capra mepenclentaep aptigemn romper 
he eon 
Sise" pi Sieg tee cele Eat 
SR it cosas Gemoe yan coe 
Bie Sane a sces een 
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( expectence inseparable. Ths maze contronts the animal in 
1 certain conformation af ceviin hime; iti not a timeless 
‘hing, excapt by a proces seally involving abstraction.” 
‘Tha facts of cheervation in the maze experiments 20 then 
hat the fourcimensiona vig system i confronted by & 
{four-dimensianal envionment with relatively constant fextnren; 
Tocomoter disturbance is induced in the system and after a 
‘while, acoording to the exigencies of the situntian, « constant 
‘ate i achioved, This ackieverent of 4 relatively constant 

OF eqjuiibeium, ia the face of 2 relatively persistent 
feature of the four-dimensional environment is caled learnt 
the maze, “Learsing is again adjagtment to a four-dimensional 
‘itaation, comprising Use sucoemive presmtations of the tase 
4, let ws say, twenty-four hoer intervals. We may remind 
agai el ftw pial ok of tl oe 
imensiooal situation comprising « umber of such k 
Aitingulsbadle mave-presentations mx it ia toc 

Red word as comprhing » somber of typopraphlcaly 

letters; eves though we exdinarily think ot 

‘the word as a spatially organized complex of letter, wile 
the (otal learingatsation before the asimal b obviously « 
‘spatio-temporal complex of mace presentations, 

‘Once mace, if ft be said that the word is clearly a vingle 
‘compler, while the soccenive presentations of the maze are 
jut as early separate situations, the answer is twotold. 
iat, the printed wad is not Sealy « angie complex. It 
‘conasta of elements spatially separated, and it is only in 
‘alation to the oxganiom that iC is = single complex, Ax 
‘A matter of fact if generally pact of @ still more extended 
‘comple. Secondly, to say that sccesive preveotations of 
the maze are clearly separate situations begs the question 
‘We are equally justi in treating w "teanporaly separated 
series of rane prmcatations at 2 single compler eituation 
fs we are in 30 treating a“ spetially teparated " caries of 
carbo marks upon paper. Whether ether may profitably 
De treated asa unit depends entcely on the crganism's relation 
to the series in question. Experiment has emply shown that 
‘the word mat be trated ex a unity that is aot the sum of 


* Seis of cone not alanine tht esc aot legit: 
et ther tat ar ental perpen in sopetiae By Peering 
(0 tip ona an A repeinduntoe Tam, come, ang Se nla 
ing tick cas be towed ede! Se 
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‘very nature of the leaming idea imphes that the situxtions 
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Sita veers 
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Rid ieduedz arenes 
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Rie eres 
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sate pee tk ee 
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tthe three cases of adjostment, namely, response to a single 
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organized thet the tras eqaitcium Ss alo conservative, 

(hi soch 2 proces as mare Searing x natural 2eveloptent 
AD simuceovents are primtvely four denial, All 
Tesclion four-dimensional organic change in ancwer to 
fowrdiarasiosal exvicoamestal charge It sist agan be 
inated that between a czple reachon, mech as a redex, 
fd learned response, such 2a hat to 2 ae, the dierent 
{2 one of degree only. 

Tho Mass Reachon a9 2 Unified Responce—Now the simi 
employed in the maze expernents may be divided fato two 
Games ‘Thare & the reward and the obstacle overcome 1a 
fxder to each it. Beloe taling as nga, he food and 
‘he maze have 20 relation to each ether an imal; tbe maze 
fone nt "ean" food the exinal. watever Seance 
fone attaches to the Word” mean”. After taiing it ir fae 
(o vay that the maze means fcogatiheend. “The food 
insula end the zaze station have. bees brought Into 
fanctional elation with eachother, with tbe reall that wes 
Stra nope sed ry mabe a wets 

“| manera sri of act 

‘siting tn fhe taling of foe 

‘Now lead reaction, ike eaction of any Kind, cequres 
{uch an ania as fat a Gefeite nervous pater, "TBU 
oo Being taken out of the cage a eat teniaed to ran hr 

rmaze alte being tnsated though « bole fa 
Glas covering was observe to attempt of i own accord to 
feach the bola und thas stat the ran.” fa err thus to be 
Uh food and the mane into functional rdationsip natal 
A eeahneocl pattem must have bees forse; tbs is not 
te be thought of a the sum of two putters conesponding 
to "maze " and” food" wd sl om os the sam of patter 
crerependlag to the succeive sages of the maze—aleys, 
farm and oo cx—plastere Sy-paper fashion one after the 
lier wits ood atthe ead. This facts chown eater ttngly 
by Laahley’s receat work, In a wellnown vere of exper 
sents Lasley trained rats to ron a rther simple maze and 
cctepated vvious portions of thei carelzal cortex. Tho 
Sxiepations didtred very whily in poetin and oxen, the 
inteer ranging fom 4°5 2 3o>9 per cect of the total cota 
fon. Atte the operation Tasiiey found thet rats might 
‘ohare someniat as they riginally eid inthe maze, moving 
ow asd exploing ; they might wander imlenly, oc repeat 
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the mame scr time after time; or they might rach simlealy 
high speed through the maze. There sno evideace that 
‘ue part of the habit may be affected without che ret being 





Involved. After injury the habit is afacted as a whole, eather 
‘thas ia parts. "Nose of the stules of laraing or Teteaton 
ff the mazes after cerebral lexons bas given the sightest 


{indication that the maze habit is made up of independent 
‘tmodational elements. There was never ame for ene part 
of the path with retention of another (excegt thal the habit 
cof manipslating the doors, ooce acquirad, was nove lot)” + 
The maze habit is » unity. Infary to the cerebral cortex 
<depreanes tne operation of the whole peur pattern coacemed, 

‘Wormcver, thn babi is such that hea the fst movements 





She, He waa ths, t+ Lasbley pote oot, resort 9 
force nt "we haw to do sith movemntchazn eect 
link ot sich i set fy the preceding ok, and which wrves 





i 
i 


It picks up” the correct procedure and runs 
‘the rast of the path corecthy. That is, ix Waxhlrrn’s tate. 


i 





arg 
ERE 


its rast that the rate barop wp against the end, while 
lengthening it causes them to attempt a tern at the place 


‘where the open paamage crigcaly stood * 
‘Yet there ina certain amioant of evidamos that ia the folly 


formed maze habit we have more than a chain of independest, 

Rnesthetially initiated single babite. For, to begin with, 

sayous watching 2 trained antral can soon convince himself 

‘hat the run along any pasage is salleced by the nature 

fof the micceeding’ passage. When the animal approaches 
3 Laer, 199,714 Sah poe 
(Caran Wee, 28 
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‘2 corper to be tuned “he seeps to the gulside and gost 


bry weep to the corm and then wart his tum"? That i 
40 my, his miovemets are not leary or 
sésditve, but cack is allected by the cantent of the vimoles 


fmamedintely faring the animal as well as by that stimulus 
teal, the whole series thos being uot a chain of independent 
‘nin which would be the same were they ttken ut of the 
hain | suther there seems to be # anifed movement complex, 
‘within which the anfare of each element is deterzined by st 
‘Place 1a the whole. Is other words, the activity of sauzs 
Fanning vooms to consist of movements Uaat are " itera ” 








spbjected 16 = operation ach thet a turnin the ction 


isin the rut sould sow be unable to ravers tie nam 
‘What actually happened was tbat let-band tarns were 
by © threequarter revolution to the right. 





2 Wooden, Han PP. 132 34- pee 
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rollover completely in cauking cach ters, yet macazes to 
‘void oling nto acci-Geaar and souke an raion ma + 
[the customary sequence of movements employed in acing 
‘he food is rendered impoosle, ancther st, not revioudy 
‘eed nthe fatal od eousiteting an ently dent motor 
puttin, nay be directly and ecietly saetltuted without 
Sey random activity." ‘Here we mos assume « general 
fnlsed near set oc putts Azective of activity towards 
foodsi-theanase. This primary pattem can apparently rest 
Inappropriate morezent by « numberof diferest mechanioas, 
‘A Tather pattie instance of the sae kind of thing won 
hosed in the writer's beratery. A somewhat seotcrat 
‘at had been tained ina simple ze, On ore occasen the 
inal lng" he Bey tontibg the poe, sopnng 
4 nterals on the way, a2 thos Ging himodl Kigesthetie 
fimulation entry diftzent fom that favelved in the eseal 
Alayper ert. tn this pitable way a flawiews run was ade, 
At the end of which the enizal lopped whtboot eating, Witt 
‘uimote it bad dled 

"By contrast with the theory that such learning takes place 
by A chain of mccomivdy cctermioed, retype ati, 
ec more suki ie an experiment of Helen's. ‘Helson 
Siiempted fo train rate to choowe ane of « pair of alleys 
‘covered with tun diflrent shades of grey. Fond was placed 
in'both alleys, bot was isacceible in the “wrong” one; 
oth pare eluded & metab grog, that om the "wren 
being eoszected wich wn electri battery. Thus the 











toro abadea. “However, after @ number of tals one of the 
rats which bad made the wrong choice, instead of eubjecting 
iWael"to a sooond shock by retracing its stupa cver toe grid 
su ft ad dene alle times betore, citbed over the yartitin 
to the acceattble fod in the other alley. In a later experiment 
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the facts, The alternative is apparently to believe that 
somewbare of other the avons impales ara acted upoa by 
‘the mind which resorts and relntegrates them by tothe 
‘sopra physica! mena. 

‘Appucatly then for such an activity ax maze running it 
a Decessary to assame the formation of a nesral pattern that 
it new, that beings into functional selaton definite elements 
conesponding to the maze and ths food, and Usa is capable 
of initiating dierent unitary series of motor activides with 





the experiments of Gibousen, who found that crayilb, 
trained to traverse a ample T maze, “tended to indulge 
in a wide range of varying routes. Te snimal gometimes 
followed one ade of the stem of the T and sazuetimes the 
fing Tn fhe conection Tolman gute ele the res 





‘We wesza then to see iz erdinary maze learning the formation 
of a new newal patter giving rise to action which i 
tpeciic only because of the ordinary method of eoadecting the 
‘experiment, but which i naturally Bexible. By the conditions 
of learaing an maantialy Sexdhle patter ix forced into a more 
or less gid mould. 

Vaan page Be at, * at 
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Tn this formatica of «fresh neural patters we are reminded 
caf Beitol's conception of the deveiopesent in conditioned 
‘ells formation of coctical cestren which exert a reciprocal 
{nfloence upon each other. In fact, bearing in maine the 
‘iference of complaxity, the conditioned cellex experiment 
‘and the maze werk point seaz to bint et» fundamentally 
Wailar neural precess, which i& in exch case the underving 
‘Dearal process of learaing. It is a process of creating & uw 
‘enral pattera cut of the previons dicta memiva of erigtcally 
‘unnasociated patterns, Learsing is creation of bebaviowr and, 
cof its underiying neural configuration. This property it shares 
‘with all integrative respon, that 





Stan anid rion ari tte te 
tiental properties ofthe nibuunce a. Satay. 
SSIS So ocak tartar abvion hat eats 
iw ne eal er emp i 
proper. Now ‘nto condition 
tam at oly have tu ottiog Cv anette ua 
‘ve mis the la chapter, ut in eminaing natal Ico. 
‘otln we have gan a foug way towards obcaring the eet 
Of the food co he reponse 10 ot th teathn. Tae 
lect i very charactrictcaly toca nthe sae exert 
iS Gace baaig sere bet mtarared in ems he improv: 
ent of rerpoe to the maar station. was indeed a 
iS he lat chapter tha Co termaton of canloed reer 
doe floc the cz espana ofthe eancned tole 
bt the eet Se tosked by the niguesst ature of is 
apom, ‘The Ourscrias proces whey oat camber 
of prvicay socmiecind Sire sokactl exposes 
‘herein een a new anid reponse to the naan pert of 
‘he uation i completely abn soch x rodimentry eves 
i the frmatizn cf ecmnioned eda 

‘Teee nencther chuacire of osiarl lering wich i 
‘eng out bythe ase experiment, az, wat has been 
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‘alld the property of plasticity. A learned respome i, we 
ave soon, tantly Plate A conditioned refx ent 
ally ig.” Paviov's parpose ix bis orginal experiments was 
fae ay that th socaied pace epee wat Set 
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toa mistnam, an as ths focmae altestonca the eythatic 
taper of rag, k may” pertge be ged’ tease 
tcerinat wih the “reward” moved up to th begnog 
‘sna, no Chat th nt pst of hese scales 
rit food an cating out the intervening ocemoten, tad 
Ineving snly Sue snibeaten er peycroetal smocition of 
{valet aod nom aici) part te tal ations 
The deyed tad tuck vachair of conditioned eter wth 
‘alepine t_perod of Uwe between the contnnd aa 
{Be momndidoond seman oy make te experiucat cre 
‘ca by eating ot Inecvering wate Ta Sarma 
Ssqaene of sain sorte ma ose nel Es oo 
tn'pey, tom for and Analy to devour, or Man to 
tee eo at ball «iat i sbnalue Quiet, and then to 
ve ira nt out Pein ad ot, 

the rption's power of adertent 
[site oct surpidng to Tern tat chee ood awe 
{number of snes ae tbe conned sels fo form 
Lain utons so ere ai fe ai and 


Conversely the maze experiment say, again, leftinately 
Ibe considered as an anocation experiment, thet Wb to say 
sas one invalving the forging of « ew unibed response (0 
‘extemal stimulation exginating fo more than ane reecptot 
‘field, bot with the conditioned stimalss expended into a highly 
slabcrate spatiotemporal mani. 

“The apecite problems of the maze thus become those of 
the establishment of a relatively constant, of equilibeimm, 
tate Detween two fourdimensional manifolds, namely, the 
Dighly organiaed ayater we call he rat end the les highly 
‘orpanieed bet etll by no roeans chactic manifold we describe 
fay the presentation on wurceasve cocasioas of the spatially 
‘Wentical mazeand-food siturtion , this latter being organiced 
(0a # background of environmental Sx, mach ab a word is 
‘erganised on the neutral Backgroané ofthe paper. 
‘Blimination of Errors —As x the case of the conditioned 
relax, 20 attempt will be made i this book to tret all the 
‘problems and renilts which have beon thrown ap by the maue 
experiments. Many of these zee recently een analysed 
‘emy arity by Profesor Tolman ia an authoritative and 
Compendions work." However, there one problam cai 
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‘Thia phrase decives from the "tral and error” theory of 
learning, which bau been so severely citiczed by the Gestalt 
Jerelogi.” Basing. teva, in mind th Cnet of 





the conservation of the aystem. The 
Slmtin of rer woaecomsy, “elon meres 
fn then another way of ‘eae fact that ie these mare 
conmplicated cases the general rule tll holds ; aot a equle 
rium, but a conservative equibibctum has been reached by 
the organic eystem. At bottom an error "is an wnneceasry 
movement : the fact that the living system achieves 
conservative equiibehum towards the situation comprising 
avcceaalve presentations of the maze-tocd combination really 
‘implies then dlimination of errors The advantage in om 
method of description sea to le ka the fact that it beings 
{Be phenemenn ia Uae with seny otber obeved fats of 


Bort pouible to milr this dcvtepmant of teactlon 
from another aspect. The most peimiive instance of 
"" modigeation by experience ", to use the acceted term, i= 
tn be found in the Phenomenca comprehensively desguated 
in Chapter Vi ax Eabituation, and there discussed undet 
that mame. Here we have ecen the organism faced by’ & 
Persistent change of external conditions, gradoally coming 
fon frmb wiate of ‘which viable motion mo 
Jonger occurs. Since energy ia tha saved, the new equllbriem 
in & typically Dialogeal one. Tous the general principle of 
the establishment of conservative equiibriem brings complete 
‘mation of motion. Contrast now soch entire elimination 
‘of extemal reactioa with the conditions in which the organism 
finds itself when faced by the maze cn succeaive occasions. 
Its cee that cutting dows moverment will conduce Lo organic 
coumrvation. Tein equally cle, however, that complate 








PROBLEM OF THE MAZE, a 


igmslo of ovanent wil be malaga, frit wend 
ining warmtion, ‘Thee tat be covenant to obtain 


“i ta ponte toon feo opposing tndecin, sch of 
‘whlch must bave its effec i the zal establishment of relatlve 





Carganiam capabic of syutheicing a unite reaction to sich 
complex conditions. “In the maserumiog acuvity of tht 
at, locomotion (a eliminated as far as pomble under the 
‘condition that the ase meat be run to obtain food. Thit 
‘llmination goes oa en, under this late? condition, 
fone ether; egy berg mid hat tha rege 

Wepecial to ett thin rmclt, and fenving out 
Dea yrommatiy Cone fh mechan ot Pectin 

tot fone 

Pecfeciy The eataed path tha aloe the pata 
{epomraphy ofthe mane Many wet heve poltd this ot 

‘The Path ‘s minimal because under tbe given conditions ft 
as een hanged at pol in the ection fee, 
sad Changs in this decion, may be ssteuned der he 
Spent inital cpentre of ce. toag ce 
‘ expersoental data on the pola. 

‘In this covception of mage mrning as etabishng w minimal 
path because the maximum poasble elimination of locomotion 
1as taken place, we dave « parallel to the extebishrent of 
‘maxima and minima in many inorganic systems. The stone 
rolls unt, by the total conditions of the gravitation) Sel, 
‘movement cox go on no longer. Often"; says Mach whm 
speaking of the sfablishst of izorganie equiitaiam, " the 
phenomena of natare extihit maximal or wunimal properties 
because when these greatest oe last propertins have Deen 
‘atablid thn onsen fal farther alteration are rerooved.« 
1k sounds moch less imposing but is mech spore ebiciatory, 
uch moce correct and comprehensive, istead of speaking 
(of the scanamical tendzacies of aatsre, to say: ‘So much 
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‘ad so misch oaly coca sin wirtoe of the forem and eircum- 
‘ances lnvelved ean oovar."" 

Granting the particular conditions, Sret thet the enimal 
mast ea, secondly that the structure ofthe maze is sack and 
och, thirdly that the ocmanie system tends towards coo- 
bervative equilbeinm, Mack's words will equally well describe 
this characteristic phenomenon of maze earzing. The animal 
‘cannot walk throug the wall, mast raz slang the alley, and 
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At ia un not enressonabe ta believe that the formation of 
‘the cute babit implies both the activation of oxtain nervous 
‘otters and the inhibition of others. Thus 2 monse engaged 
a runing 1 masa may cam straight past food left im an 
‘Gnaccustomed place Ta view of the indmate relation kzown. 
{to exist In the cervous system between excitation and 
Inhibition the definite establishment of any other conclusion 
‘would be surprising. 

“However, when all js id and done, the part played by 
inhibition in laaruing bas yut to be decribed. "At the prewet 
time we may express ourselves as anticipating that future 
‘rewarch wil show Chat the elizination of maze exrory is 
‘attended by phenomena which are properly deasibed as 
inkibltery. 

‘Whatever the vitimate solution, the four phencmens to 
‘which reference has been cade reptesent four differnt parts 
of the same probera, One may suspect that with fuller 
understanding the wlution of the ceaditioned redex problems 
will be seen to be obtainable by simplifcation of the maze 
problem. Tn this way, for exarople, we can apparmtly regard 
the disappearance of the “ orientation reflex "as a limiting 
cave of the maxspam possible dimimation of respanse to the 
muse, When the maaecun seo, maximum possible 
<ininution of respense reelts in sero motion. The circum= 
‘lances do not demand response, ax in the maze proper, 1 
‘ha ame way, the habitaation experiment will premmably 
bbe derived by eimplifcatlon trom the conditioned refer 
experiment, For here again response to the foal situation 
‘may economically be entirely eliminated, sehich is rot the 
‘ase with the enadltionad reer. sce the asimal must eat, 

Ot coarse the (oregoing description of mane leering as 
the actabishment of « conservative oqeiriam giver no 
explanation. It merely states that tha kind of learning 
comes under a general descriptive rule which bas been ooen 
to hold good of the stimalueraspanse relation in. geasral. 
‘There le no implication that the mune mechanlam ts Dere 
involved as in the simpler cases. Far all the description 
tells os, the equiltcter attained by a rt and sinier animals 
in the enzo might be reached by ax ectely tech mechanimn, 
12 "Jearalag “activity aniquely diferent from any of the 
sienpler bilogical processes. If thia were so, the description 

* Qepebtaked exprteant of D.C. MacKar, 
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adopted would stil be valuable as showing thet learning end 
‘the simpler responaes are both instances of ecgeale equilbcam, 
‘even though this might be attained by dierent meant. 

‘Aad yet what evidence we have seers to indicate somewhat 
smanively, if generally, that maze and associatory learing 
im general is not dan to  specal process which auddeely 
appears in the evalutiocary chain. The poist was taken tp. 
somewhat extensively t= Chapter TV. It was then shows 
that, starting with the conception of the integrative action 
of the meat elemeatary organieas—an integration, be it 
noted, Wat is efleced by 2 four-dimensional system ax the 
remit’ of four-dimesianal stimalation it is powible 10 46e 
‘organic synthesis growing mare and more complex ns apodializa. 
tion and development proceed, until we come to the coraplex 
earned activities of sock animale as the vat, which stil 
retain ther four-dimensiaa! integrative uattce, "At oo stnge, 
wwe may repeat, can we say “Deve Jearing enters”? Life 
nvolves aitary, integrative action. 1 apparently because 
wwe live at approximately the same teropo as mont 
reatre that 'he learning of a rat seas nicely 
‘om, Tet us aay, the aoaptation of the haart beat to the 
‘exigencies of the body. To x2 exeaiam the tempo of whous 
‘We was auch that the fraction ofa sesond's quiescence bermeen 
‘heartbeats appeared as long as twesty-foar hoars tos, Oe 
peoceas by which moceaive beats are related woul! uraly 
een to favolve some special faculty of memory. And con 
versely, to 4 being the tempo of whou life was much lower 
than ous, the learning of the maze might well seem aothing 
bat poces of almost instantancout adaptation 

Teshould farther be realized that the total situation involved 
in learning the maze may inclnde other than repeated and 
‘deally idmtical preentations of the same maze-foed complex. 
‘Any particular mate response is elected By an integration 
‘which involves a total Situation which bat originated in the 
past. Important cements of this total Situation ate the 
highly similar repetitions of the roazewithood. | Other 
slements may have involved presentations of mazefeatures 
In an entirely diffent context. This i¢ well shown by the 
concept of "latent learning”. Ut is knows that an sninal 
‘which has previously bees slowed te “facalllarize™ itself 
2 Radics of Hiatert Spenser wid eecce that bo made somewhat 
{Be me tee 











a Gacet of the peogrmsive ion and perpetual 
‘quiliteation that isthe animal's Wie. Al the past experonnt 
fof the axial converges on any oxe run. Reaction is being 


‘made to a pomect eament of « total backward 
sitaation which i really coextensive with the total environ 
‘meot-enntinuam since beth or even fertilisation. On this 
‘of exrfromment-contisamm there is organiand, a4 
eave sca, the opel “Manin” steaen, isoding 
repetitive and non-epetitive elements, geniaa 
takes place becanse ot the Soar dimen integrative 
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> THE NATURE OF LEARNING 
‘The term meaning la vavilary rested to the sew 
of action and necral pattern ; the meaning of the 
‘ow food. Likewise it the conditioned reflex experiment the 
moaning of the light ia now food. 
"The effect of repetition os such is still obscures Tha 
existence of the refractory 54 sopemoemal phases, together 


tie thre supe oft ange silary orareoe, and rte 
ASS bene efruey form on eee tha by expereate 


2 Dianne of the tow of asec” wit be food x Thorwdibe 
fagye) and Tomas frase 
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other, This is the primary fact from which all discusion of 
repetitive Warning mat start, The sam total of al these 
espoosea may thea be considered as forming a total mifed 
‘Response, uaifcation being eflcted by the rations exiting: 
Tetreen the compourat responset.” 

‘Tims the total behaviour of the animal during twenty 
experionntal sessions may be considered as forming a single 
‘Response to the total Situation which # twenty-annoeetive: 
premmitions of themase. Regarded in tse way, improve. 
amt of performance i seen as the gradual approach to a. 
ecient quite; this sepsis w age vend 

‘Which improvement cannot go, and isi every way comparabls 
Xo the exgasie equilibeiwm achieved shen the organi Sa 
confronted by » Ron-eepetitive station. "Such aquirium, 
{not reached because the orgasinc i @ wyster ; for we kzow 
‘well that many animals cannot Imo the ‘ase. Mase 
‘silibiusa is rather reached because the orpusiam i» systema, 
anatituted in a certain way. 

‘Thus again we mast contrast the total Reyponse to twenty- 





use gresstations with any single compooent response, 
{at Teacbed on the last peeontaten At the twentieth 
presertation the faced wth x maze station the 


ftlct of which is different from that of the axe situation 
‘at the fist semen. This difference is dee to the fact that 
the maze is now pert of a more inclusive, timeextended 
Situation with its roots in the past; response ‘s modified, 
Decanme the sliculus Ras become part of a larger Stimulus 
‘complex. Suck modification of response is the saze learning. 
eis sometimes sid, at in the cave of the conditioned rellen, 
tat the ania anticipates food at the end of tbe run. This 





” ‘THE NATURE OF LEARHING 


4s part of ¢ lager Situation which eazands as repetition 
fperoaues. “Tama pert fall hat Tbave me,” red Ulymes, 
Learned corpse, like all reponse, is at axy moment «pert 

ally, when 


cof the orguilsm’s total previous history. Speciécaly, 








‘sion. te the une Ghat any tater co 
Pad to past in wer wwe thn‘ of ecko 





ccanatancy Is not wo robest. Now by far the greatest part of 
‘tha work dane by physicists aod chemiste spor thee stable 
® oo 
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‘and ofthe nervous cape, each of them essentially phenomena, 
Of disturtance, To. the paychologist, however, belongs 
peculiarly the tusk of ioventigeting each tranutional staten 


‘eonatancy ic given by the repetitive cement, Thus iti that 
‘rom the time when tzaiing begins the maze food complex 
in experimentally Kept as constant as possible, and it is to 
this complex that the fesh equilitrinm is reached. If again, 
‘tha character of the maze were totally altered at each run, 
‘the macefood complex would present to the rut small 


2 mamevptico acl! pectaps bemnade so three, My collage, 
Pro, Visto, pnts oak eit doa) wear abate cuore 
Pome 
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‘laos ; once more a0 equilibrium would be possible, and ne 


4 per cost of sen caebral cortex cannot earn the mzaza 
Here we have indeed a tisagial symten, but not one with 
the erpuaation necemary t2 achieve. squib 3) och 
comoplex environmental conditions. Simiazly many intact 
ologia eyatems of a lowlier order cannot "Tearn” a maze 
which presents litle Gificalty to a tat. A toca would 
Ye hopeeady tort is strocre that could be learoed by 
Siow int dagen ras 
Moreore, 4 four-dineauiona sitation peeseting.chaoe 
to.a rat may exhibit to the bigly endowed tuman crgaiem 
pes of erty wae wl make lng pombe Tt 
train can abriate eymcbole and abstractions it 
an use language, numbers and equations, dexien oachines, 
‘ridge, telescopes and use them. The chimperate does tot 
Aknow the moeazing of "aps, and he can novo find oa" 
‘The aymbels,abetraclons ad formule of tcience ad math 
roalca ae, of course, stelamants of wallrmitiea in natire 
‘ot altima explabatios. ‘Thee warts canbe detected 
“by the more bie han Bas ad sd fre heed 
‘of human organi. The Keyan grometer detecting 
alors br the cine of te Nie water sod ming Wen 
to eamwe est years cops is doing on an entende sale 
‘hat the rat does inthe maze. Canftonted with an orginally 
CSutotic spatiotemporal manifold i which to gt food and 
‘thas to leep intact his Body organization, be eucceeds in 
zrmomising time and evergy by the recognition of certnin 
‘muitos in the protean psomena of natore.  Becaase 
hv can datact hese vimiartties sodertying chace be achieves 
In is food-bunting astivities a constant economical level 
tninows to bis nomadic anoeten- A still mere vomonical 
tad tnpeoved levels reached today, as the feat of the 
imiformitieg detected io nature by agriccteral and_other 
‘imc. Scimfife methods are econsmisal, anf econory 
tan proceed only up ta a eatan pein, tbe pint of ult 
Sciniiée forastie, learned in coe conection and with one 
sotive, may Late be incorporated nto another context by 
3 Matick apa. 
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42 yrocem of “latent foursing” siailar to that obeerved in 
te me leaning of rata. 

Tn any sot of learning it has been throagboot insted that 
‘we art apt to look oot st the total four-dienioal seren of 
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